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PREFACE. 


The  scope  of  the  present  work  is  to  give  in  a  concise 
form  an  account  of  the  principal  facts  relating  to  the 
structure,  classification,  and  life-history  of  Fishes.  It 
is  intended  to  meet  the  requirements  of  those  who  are 
desirous  of  studying  the  elements  of  Ichthyology; 
to  serve  as  a  book  of  reference  to  zoologists  generally ; 
and,  finally,  to  supply  those  who,  like  travellers,  have 
frequent  opportunities  of  observing  fishes,  with  a 
ready  means  of  obtaining  information.  The  article 
on  **  Ichthyology,"  prepared  by  the  late  Sir  J.  Richard- 
son for  the  eighth  edition  of  the  "  Encyclopaedia 
Britannica,"  is  the  only  publication  which  has  hither- 
to partly  satisfied  such  requirements;  and  when  I 
undertook,  some  years  ago,  to  revise,  or  rather  rewrite 
that  article  for  the  new  edition  of  that  work,  it 
occurred  to  me  that  I  might  at  the  same  time  prepare 
a  Handbook  of  Ichthyology,  whilst  reserving  for  the 
article  an  abstract  so  condensed  as  to  be  adapted  for 
the  wants  of  the  general  reader. 

From  the  general  plan  of  the  work  I  have  only 
departed  in  those  chapters  which  deal  with  the 
Geographical  Distribution  of  Fishes.  This  is  a  sub- 
ject which  has  never  before  been  treated  in  a  general 
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and  comprehensive  manner,  and  seemed  to  demand 
particular  attention.  I  have,  therefore,  thought  it 
right  to  give  nominal  lists  of  the  Faunae,  and  the 
other  details  of  fact  on  which  I  have  based  my  con- 
clusions, although  all  the  necessary  materials  may  be 
found  in  my  "  Catalogue  of  Fishes." 

A  few  references  only  to  the  numerous  sources 
which  were  consulted  on  the  subjects  of  Chapters  1-12, 
are  inserted  in  the  text;  more  not  required  by  the 
beginner;  he  is  introduced  to  a  merely  elementary 
knowledge  of  facts  well  known  to  the  advanced 
student. 

With  regard  to  the  illustrations,  about  twenty 
have  been  prepared  after  originals  published  by 
Cuvier,  J.  Muller,  Owen,  Traquair,  Dum^ril,  Cunning- 
ham, Hasse,  Poey,  Siebold,  and  Gegenbaur.  A  similar 
number,  representing  extinct  fishes,  have  been  taken, 
with  the  kind  permission  of  the  author,  from  Owen's 
"  Palaeontology  "  My  best  thanks  are  due  also  to  the 
Committee  of  Publications  of  the  Zoological  Society, 
and  to  the  Editors  of  the  "  Annals  and  Magazine  of 
Natural  History,"  and  of  the  "Journal  des  Museum 
Godeflfroy,"  for  the  loan  of  woodcuts  illustrating  some 
of  my  papers  on  South  American  fishes  and  on  larval 
forms.  The  remainder  of  the  illustrations  (about 
three-fourths)  are  either  original  figures,  or  formed 
part  of  the  article  on  'Ichthyology'  in  the  former 
edition  of  the  "  Encyclopaedia  Britannica." 

London,  Zd  October  1880. 
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bina,  597 — Rasborina,  597 — Semiplotina,  598 — Xenocypri- 
dina,  598 — Leudscina  (White  fish.  Tench,  Dace,  etc.),  598 — 
Rhodeina,  601  —  Danionina,  601  —  Hypophthalmichthyina, 
602 — ^Abramidina  (Bream,  BleakX  602— Homalopterina,  604 
— Cobitidina  (LoachesX  604. 
'  Families  of  Physostomi  continued :  Eneriidse,  606 — Characinidse, 
606 — Oyprinodontidse,  613 — Heteropygii  (Blind  Fish  of  the 
ICammoUi  Cave),  618 — ^Umbridce,  619 — Scombresocids  (Gar- 
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pike,  8«ii7,  Half-beak,  Fljing  Kih),  $1^—Bmxidgi  (PikeX 
628  —  Gakzudc,  624— Mcmnyridc,  625  —  Stemoptjchide, 
627— fitomiatidjB,  629. 

Families  of  PhyBOCtomi  oontiniied — Saltmomida :  Salmo,  difficulty 
of  diitingniihing  epeciei,  680 ;  constant  specific  charactera, 
685  —  hybrids,  688  —  sexnal  deTelopment,  638  —  migratoiy 
species  and  their  retention  in  freshwater,  639 — Growth  of 
Salmonoids^  641  —  their  domestication  and  acclimatisation, 
641 — species  enomerated,  642 — Smelt  and  Gapelin,  646 — Cor- 
^gonns,  647 — Grayling  649 — marine  genera,  650. 

Families  of  Fhysostomi  continued :  Peroopsidc,  651 — Haplochi- 
tonidft,  651 — Gonorhynchids,  652 — Hyodontids  (Moon-eyeX 
658  — Pantodontids,  658  —  Osteoglossidse,  653  — anpeidie 
(Herrings*  AnchoYies,  Shads,  Mossbanker,  Menhaden,  etcX 
655 — Bathythrissidm,  663 — Chirooentrids,  663 — Alepocepha- 
lids,  664 — ^Notopterids,  664 — Haloeaorids,  665^Hoplopleii- 
ridjB,  665— Gymnotidn  (Electric  EelX  666 — Symbrsnchidc, 
668 — Mnrenidje  (Eels,  CongerB,  Munenas,  etc  X  669. 

Fifth  Ordkii— Lophobranchh 678 

Families:  Solenostomids,  678 — Byngnathidn  (Pipe-fishes,  Sea- 
horses), 679. 

Sixth  Order — Plbgtognathi 683 

Families:  Sclerodermi  (File-fishes^  Coffer-fishes),  684  —  Gymno- 
dontes  (Globe-fishes,  Snnfish),  686. 

Third  Sub-class — Cycjlostomata. 

Families :  Petromyxontids  (Lampreys),  691— Myxinide,  694. 

Fourth  Sub-class — ^Leptocardil 

Family :  Cirrhostomi  (Lanoelets),  696. 
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AccoBDiNG  to  the  views  g^ieiallj  adopted  at  present,  all 
those  Vertebrate  animals  are  referred  to  the  Glass  of  Fishes, 
which  living  in  water,  breathe  air  dissolved  in  water  by  means 
of  giUs  or  branchiffi ;  whose  heart  consists  of  a  single  ventricle 
and  single  atrium ;  whose  limbs,  if  present,  are  modified  into 
ftps,  supplemented  by  unpaired,  median  fins ;  and  whose  skin 
is  either  naked,  or  covered  with  scales  or  osseous  plates  or 
bucklers.  With  few  exceptions  fishes  are  oviparous.  How- 
ever, there  are  not  a  few  members  of  this  Class  which  show  a 
modification  of  one  or  more  of  these  characteristics,  as  we 
shall  see  hereafter,  and  which,  nevertheless,  cannot  be  separated 
from  it.  The  distinction  between  the  Class  of  Fishes  and  that 
of  Batrachians  is  very  slight  indeed. 

The  branch  of  Zoology  which  treats  of  the  internal  and 
external  structure  of  fishes,  their  mode  of  life,  and  their 
distribution  in  space  and  time,  is  termed  Ichthyology.^ 

^  From  Ix'^vt,  fish,  and  \oyos,  doctrine  or  treatise. 

B 


CHAPTER  I. 

HISTORY  AND  LITERATURE. 

Aristotle.  The  commencement  of  the  history  of  Ichthyology  coincides 
with  that  of  Zoology  generally.  Aristotle  (384-322  b.c.) 
had  a  perfect  knowledge  of  the  general  structure  of  fishes, 
which  he  clearly  discriminates  from  the  Aquatic  animals  with 
lungs  and  mamL,  i.e.  Cetaceans,  and  froxn  the  various  groups 
of  Aquatic  Invertebrates.  He  says  that  "  the  special  charac- 
teristics of  the  true  fishes  consist  in  the  branchiae  and  fins, 
the  majority  having  four  fins,  but  those  of  an  elongate  form, 
as  the  eels,  having  two  only.  Some,  as  the  Murcma,  lack  the 
fins  altogether.  The  Eays  swim  with  their  whole  body,  which 
is  spread  out.  The  branchiae  are  sometimes  furnished  with 
an  opercle,  sometimes  without  one,  as  is  the  case  in  the  carti- 
laginous fishes.  ...  No  fish  has  hairs  or  feathers ;  most  are 
covered  with  scales,  but  some  have  a  rough  or  smooth  skin. 
The  tongue  is  hard,  often  toothed ;  and  sometimes  so  much 
adherent  that  it  seems  to  be  wanting.  The  eyes  have  no  lids; 
nor  are  any  ears  or  nostrils  visible,  for  what  takes  the  place 
of  nostrils  is  a  blind  cavity.  Nevertheless  they  have  the 
senses  of  tasting,  smelling,  and  hearing.  All  have  blood.  All 
scaly  fishes  are  oviparous,  but  the  cartilaginous  fishes  (with 
the  exception  of  the  Sea-devil,  which  Aristotle  places  along 
with  them)  are  viviparous.  All  have  a  heart,  liver,  and  gall- 
bladder ;  but  kidneys  and  urinary  bladder  are  absent.  They 
vaiy  much  in  the  structure  of  their  intestines :  for  whilst  the 
mullet  has  a  fleshy  stomach  like  a  bird,  others  have  no 
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stomachic  dilatation.  Pyloric  coeca  are  close  to  the  stomach, 
variable  in  number ;  there  are  even  some,  like  the  majority  of 
the  cartilaginous  fishes,  which  have  none  whatever.  Two 
bodies  are  situated  along  the  spine,  which  have  the  function 
of  testicles,  and  open  towards  the  vent,  and  which  are  much 
enlarged  in  the  spawning  season.  The  scales  become  harder 
with  age.  Not  being  provided  with  lungs,  they  have  no  voice, 
but  several  can  emit  grunting  sounds.  They  sleep  like  other 
animals.  In  the  majority  the  females  exceed  the  males  in 
size ;  and  in  the  Bays  and  Sharks  the  male  is  distinguished 
by  an  appendage  on  each  side  of  the  vent." 

Aristotle's  information  on  the  habits  of  fishes,  their  migra- 
tions, mode  and  time  of  propagation,  utility,  is,  as  far  as  it 
has  been  tested,  surprisingly  correct.  Unfortunately,  only  too 
often  we  lack  the  means  of  recognising  the  species  of  which 
he  gives  a  description.  His  ideas  of  specific  distinction  were 
as  vague  as  those  of  the  fishermen  whose  nomenclature  he 
adopted ;  it  never  occurred  to  him  that  such  popular  names 
are  subject  to  change,  or  may  be  entirely  lost  with  time,  and  the 
difficulty  of  deciphering  his  species  is  further  increased  by  the 
circumstance  that  popular  names  are  often  applied  by  him 
to  the  same  fish,  or  that  diflferent  stages  of  growth  are 
designated  by  distinct  names.  The  number  of  fishes  known 
to  Aristotle  seems  to  have  been  about  115,  all  of  which  are 
inhabitants  of  the  iElgean  Sea. 

That  one  man  should  have  discovered  so  many  truths,  and 
formed  so  sure  a  base  for  Zoology,  is  less  surprising  than  the 
fact  that  for  about  eighteen  centuries  a  science  which  seemed 
to  oflTer  particular  attractions  to  men  gifted  with  power  of 
observation,  was  no  farther  advanced.  Yet  this  is  the  case. 
Aristotle's  disciples,  as  well  as  his  successors,  remained  satis- 
fied to  be  his  copiers  or  commentators,  and  to  collect  fabulous 
stories  or  vague  notions.  With  very  few  exceptions  (such 
as  Ausonitis,  who  wrote  a  small  poem,  in  which  he  describes 
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fix)m  his  own  observations  the  fishes  of  the  Mosel)  authors 
entirely  abandoned  original  research.  And  it  was  not  until 
about  the  middle  of  the  sixteenth  century  that  Ichthyology 
made  a  new  step  in  advance  by  the  appearance  of  BeloTi, 
Bandelet,  and  Salviani,  who  ahnost  simultaneously  published 
their  grand  works,  by  which  the  idea  of  species  was  established 
definitely  and  for  all  times. 

Mod.  p.  Belon  travelled  in  the  coimtries  bordering  on  the 

eastern  part  of  the  Mediterranean,  in  the  years  1547-50 ;  he 
collected  rich  stores  of  positive  knowledge,  which  he  deposited 
in  several  works.  The  one  most  important  for  the  progress 
of  Ichthyology  is  that  entitled  ''De  aquatilibus  libri  duo" 
(Paris  1553 ;  small  4to.)  Belon  knows  about  110  fishes,  of 
which  he  gives  rude,  but  generally  recognisable,  figures.  In 
his  descriptions  he  pays  regard  to  the  classical  as  well  as 
vernacular  nomenclature,  and  states  the  outward  character- 
istics, sometimes  even  the  number  of  fin-rays,  frequently  also 
the  most  conspicuous  anatomical  peculiarities. 

Although  Belon  but  rarely  gives  definitions  of  the  terms 
used  by  him,  it  is  generally  not  very  difficult  to  ascertain  the 
limits  which  he  intended  to  assign  to  each  division  of  aquatic 
animals.  He  very  properly  divides  them  into  such  as  are 
provided  with  blood,  and  into  those  without  it :  two  divisions, 
called  in  modem  language  Vertebrate  and  Invertebrate  aquatic 
animals.  The  former  are  classified  by  him  according  to  sizes, 
the  further  subdivisions  being  based  on  the  structure  of  the 
skeleton,  mode  of  propagation,  number  of  limbs,  form  of  the 
body,  and  on  the  physical  character  of  the  localities  inhabited 
by  fishes.    This  classification  is  as  follows : — 

L  The  larger  fishes  or  Cetaceans. 

A.  Viviparous  Cetaceans  with  bony  skeletons  ( ==  Cetacea). 

B,  Viviparous  Amphibians. 
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1.  With  four  limbs :    Seals,  Hippopotamus,  Beaver, 

Otter,  and  other  aquatic  J^iammalia. 

2.  With  two  limbs :  Mermaids,  etc. 

C.  Oviparous  Amphibians  ( =  Septiles  and  Frogs). 
2>.  Viviparous  Cartilaginous  fishes. 

1.  Of  an  oblong  form  ( =  Sharks). 

2.  Of  a  flat  form  ( =  Rays  and  Lophius). 

E.  Oviparous    Cartilaginous   fishes    (=  Sturgeons    and 

SOurus). 

F.  Oviparous  Cetaceans,  with  spines  instead  of  bones 

(  =  large  marine  fishes,  like  the  Thunny,  Sword-fish, 
Scisenoids,  Bass,  Gadoids,  Trachypterus). 

n.  Spinous  Oviparous  fishes  of  a  flat  form  (  =  FleuronectidaB). 

IIL  Fiahes  of  a  high  form,  like  Zeus. 

lY.  Fishes  of  a  snake  like  form  (  =  Eels,  Belone,  Sphyrsena). 

y.  Small  Oviparous,  spinous,  scaly,  marine  fishes. 

1.  Pelagic  kinds. 

2.  littoral  kinds. 

3.  Kinds  inhabiting  rocky  localities. 

VL  Fluviatile  and  Lacustrine  fishes. 

The  work  of  the  Roman  ichthyologist,  H.  Salviani  (1514-  Salviani. 
72),  is  characteristic  of  the  high  social  position  which  the 
author  held  as  the  physician  of  three  popes.  Its  title  is 
''Aquatilinm  animalium  historia"  (Rom.  1554-57,  foL)  It 
treats  exclusively  of  the  fiahes  of  Italy.  Ninety-two  species 
are  figured  on  seventy-six  plates  which,  as  regards  artistic 
execution,  are  masterpieces  of  that  period,  although  those 
specific  characteristics  which  now-a-days  constitute  the  value 
of  a  zoological  drawing,  were  entirely  overlooked  by  the 
author  or  artist  No  attempt  is  made  at  a  natural  classifica- 
tion, but  the  allied  forms  generally  are  placed  in  close  proxi- 
mity. The  descriptions  are  quite  equal  to  those  given  by 
Belon,  entering  much  into  the  details  of  the  economy  and 
usefulness  of  the  several  species,  and  were  evidently  composed 
with  the  view  of  collecting  in  a  readable  form  all  that  might 
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prove  of  interest  to  the  class  of  society  in  which  the  author 
moved.  Salviani's  work  is  of  a  high  standard,  most  remarkable 
for  the  age  in  which  he  lived.  It  could  not  fail  to  convey  valu- 
able instruction,  and  to  render  Ichthyology  popular  in  the 
country  to  the  fauna  of  which  it  was  devoted,  but  it  would  not 
have  advanced  Ichthyology  as  science  generally ;  and  in  this 
respect  Salviani  is  not  to  be  compared  with  Rondelet  or  Belon. 

Bondelet  G.  EoNDELET  (1507-1557)  had  the  great  advantage  over 
Belon  in  having  received  a  medical  education  at  Paris,  and 
more  especially  in  having  gone  through  a  complete  course  of 
instruction  in  anatomy  as  a  pupil  of  Guentherus  of  Andemach. 
This  is  conspicuous  throughout  his  works — "  Libri  de  Piscibus 
marinis"  (Lugd.  1554,  foL);  and  "Universae  aquatilium  his- 
toriae  pars  altera"  (Lugd.  1555,  foL)  Nevertheless  they  cannot 
be  r^arded  as  more  than  considerably  enlarged  editions  of 
Belon's  work.  For  although  he  worked  independently  of  the 
latter,  and  difiers  from  him  in  numerous  details,  the  system 
adopted  by  him  is  characterised  by  the  same  absence  of 
the  true  principles  of  classification.  Bondelet  had  a  much 
more  extensive  knowledge  of  details.  His  work  is  almost 
entirely  limited  to  European,  and  chiefly  Mediterranean, 
forms,  and  comprises  not  less  than  197  marine  and  47  fresh- 
water fishes.  His  descriptions  are  more  complete  and  his 
figures  much  more  accurate  than  those  of  Belon ;  and  the 
specific  account  is  preceded  by  introductory  chapters  in  which 
he  treats  in  a  general  manner  on  the  distinctions,  the  external 
and  internal  parts,  and  on  the  economy  of  fishes.  Like 
Belon,  he  had  no  conception  of  the  various  categories  of 
classification — for  instance,  confounding  throughout  his  work 
the  terms  "genus"  and  "species;"  but  he  had  intuitively 
a  notion  of  what  his  successors  called  a  "  species,"  and  his 
principal  object  was  to  collect  and  give  as  much  information 
as  possible  of  such  species. 
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For  nearly  a  century  the  works  of  Belon  and  Eondelet 
remained  the  standard  works  of  Ichthyology ;  but  this  science 
did  not  remain  stationary  during  this  period.  The  attention 
of  naturalists  was  now  directed  to  the  products  of  foreign 
countries,  especially  the  Spanish  and  Dutch  possessions  in  the 
New  World ;  and  in  Europe  the  establishment  of  anatomical 
schools  and  academies  led  to  the  careful  investigation  of  the 
internal  anatomy  of  the  most  remarkable  European  forms. 
Limited  as  these  efforts  were  as  to  their  scope,  being  directed 
either  only  to  the  fauna  of  some  district,  or  to  the  dissection 
of  a  single  species,  they  were  sufiBciently  numerous  to  enlarge 
the  views  of  naturalists,  and  to  destroy  that  fatal  dependency 
on  preceding  authorities  which  had  continued  to  keep  in  bonds 
the  minds  of  even  such  men  as  Bondelet  and  Belon. 

The  most  noteworthy  of  those  who  were  active  in  tropical  W.  Piso. 
countries  are  W.  Piso  and  G.  Margrav.  They  accompanied  '  ^' 
as  physicians  the  Dutch  Governor,  Prince  Moritz  of  Nassau, 
to  Brazil  (1637-44).  Margrav  especially  studied  the  fauna  of 
the  country,  and  although  he  died  before  his  return  to  Europe, 
his  observations  were  published  by  his  colleague,  and  em- 
bodied in  a  work  "Historia  naturalis  Braziliee"  (Lugd.  1648, 
foL),  in  which  the  fourth  book  treats  of  the  fishes.  He  de- 
scribes about  100  species,  all  of  which  had  been  previously 
unknown,  in  a  manner  far  superior  to  that  of  his  predecessors. 
The  accompanying  figures  are  not  good,  but  nearly  always 
recognisable,  and  giving  a  fair  idea  of  the  form  of  the  fisL 
Maigrav  himself,  with  the  aid  of  an  artist,  had  made  a  most 
valuable  collection  of  coloured  drawings  of  the  objects 
observed  and  described  by  him,  but  many  years  were  allowed 
to  pass  before  it  was  scientifically  utilised  by  Bloch  and  others. 

Of  the  men  who  left  records  of  their  anatomical  researches,  Anato- 
we  may  mention  Borelli  (1608-79),  who  wrote  a  work  "De  ™"^ 

^  V  /»  1600-1700. 

motu  animalium"  (Eom.  1680,  4to),  in  which  he  explained 
the  mechanism  of  swimming,  and  the  function  of  the  air- 
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bladder;  M.  Malpighi  (1628-94),  who  examined  the  optic 
nerve  of  the  sword-fish;  the  celebrated  J.  Swammebdam 
(1637-80),  who  described  the  intestines  of  numerous  fishes ; 
and  J.  DuvKBNEY  (1648-1730),  who  entered  into  detailed  re- 
searches of  the  organs  of  respiration. 

A  new  era  in  the  history  of  Ichthyology  commences  with 
Bay,  WUlughhy,  and  Artedi,  who  were  the  first  to  recognise 
the  true  principles  by  which  the  natural  affinities  of  animals 
should  be  determined.  Their  labours  stand  in  so  intimate  a 
connection  with  each  other  that  they  represent  only  one 
stride  in  the  progress  of  this  science. 

lay  and  J.  Rat  (bom  1628  in  Essex,  died  1705),  was  the  friend 

mu^by  ^^  g^jg  Qf  p  WiLLUGHBY  (1635-72).  They  had  recognised 
that  a  thorough  reform  of  the  treatment  of  the  vegetable  and 
animal  kingdoms  had  become  necessary ;  that  the  only  way 
of  bringing  order  into  the  existing  chaos  waa  that  of  arranging 
the  various  forms  with  regard  to  their  structure ;  that  they 
must  cease  to  be  burdened  with  inapplicable  passages  and 
quotations  of  the  ancient  writers,  and  to  perpetuate  the 
erroneous  or  vague  notions  of  their  predecessors.  They  aban- 
doned speculation,  and  adhered  to  facts  only.  One  of  the  first 
results,  and  perhaps  the  most  important,  of  their  method  was, 
that  having  recognised  the  "  species "  as  such,  they  defined 
this  term,  and  fixed  it  as  the  base,  from  which  all  sound 
zoological  knowledge  has  to  start 

Although  they  had  divided  their  work  thus  that  Bay 
attended  to  the  plants  principally,  and  Willughby  to  the 
animals,  the  **  Historia  piscium "  (Oxford,  1686,  foL),  which 
bears  Willughby's  name  on  the  titlepage,  and  was  edited  by 
Bay,  is  clearly  their  joint  production.  A  great  part  of  the 
observations  contained  in  it  were  collected  during  their  com- 
mon journeys  in  Great  Britain  and  on  the  Continent,  and  it 
is  no  exaggeration  to  say  that  at  that  time  these  two  English- 
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men  knew  the  fishes  of  the  Continent,  especially  those  of 
Gennany,  better  than  any  other  Continental  zoologist. 

By  the  definition  of  fishes  as  animals  with  blood/breath- 
ing  by  gills,  provided  with  a  single  ventricle  of  the  heart, 
covered  with  scales  or  naked ;  the  Cetaceans  are  excluded. 
Yet,  at  a  later  period  Bay  appears  to  have  been  a&aid  of  so 
great  an  innovation  as  the  separation  of  whales  from  fishes, 
and,  therefore,  he  invented  a  definition  of  fish  which  com- 
prises both.  The  fishes  proper  are  then  arranged  in  the 
first  place  according  to  the  cartilaginous  or  osseous  nature  of 
the  skeleton ;  further  subdivisions  being  formed  with  regard 
to  the  general  form  of  the  body,  the  presence  or  absence  of 
ventral  fins,  the  soft  or  spinous  structure  of  the  dorsal  rays, 
the  number  of  dorsal  fins,  etc.  Kot  less  than  420  species  are 
thus  arranged  and  described,  of  which  about  180  were  known 
to  the  authors  from  autopsy :  a  comparatively  small  propor- 
tion, descriptions  and  figures  still  forming  at  that  time  in  a 
great  measure  a  substitute  for  collections  and  museums. 
With  the  increasing  accumulation  of  forms  the  want  of  a 
fixed  nomenclature  is  now  more  and  more  felt. 

Peteb  Aetedi  would  have  been  a  great  ichthyologist  if  P.  Artodi. 
Eay  or  Willughby  had  never  preceded  him.  But  he  was 
folly  conscious  of  the  £eu^t  that  both  had  prepared  the  way 
for  him,  and  therefore  he  derived  all  possible  advantages  from 
their  works.  Bom  in  1705  in  Sweden,  he  studied  with  lin- 
nasus  at  Upsala;  from  an  early  period  he  devoted  himself 
entirely  to  the  study  of  fishes,  and  was  engaged  in  the 
arrangement  and  description  of  the  ichthyological  collection  of 
Seba^  a  wealthy  Dutchman  who  had  formed  the  then  perhaps 
richest  museum,  when  he  was  accidentally  drowned  in  one  of 
the  canals  of  Amsterdam  in  the  year  1734,  at  an  age  of  twenty- 
nine  years.  His  manuscripts  were  fortunately  rescued  by  an 
Vngliftlinian^  Cliffort,  and  edited  by  his  early  friend  Linnseus. 
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The  work  is  divided  intx)  the  following  parts  : — 

1.  In  the  "  Bibliotheca  Ichthyologica  "  Artedi  gives  a  very 
complete  list  of  all  preceding  authors  who  have  written  on 
fishes,  with  a  critical  analysis  of  their  works. 

2.  The  "Philosophia  Ichthyologica  "  is  devoted  to  a  descrip- 
tion of  the  external  and  internal  parts  of  fishes ;  Artedi  fixes 
a  precise  terminology  of  all  the  various  modifications  of  the 
organs,  distinguishes  between  those  characters  which  determine 
a  genus  and  such  as  indicate  a  species  or  merely  a  variety ; 
in  fact  he  establishes  the  method  and  principles  which  subse- 
quently have  guided  every  systematic  ichthyologist. 

3.  The  "  Genera  Piscium  "  contains  well-defined  diagnoses 
of  forty-five  genera,  for  which  he  fixes  an  unchangeable 
nomenclature. 

4.  In  the  "  Species  Piscium  "  descriptions  of  seventy-two 
species,  examined  by  himself,  are  given ;  descriptions  which 
even  now  are  models  of  exactitude  and  method. 

5.  Finally,  in  the  "  Synonymia  Piscium  "  references  to  all 
previous  authors  are  arranged  for  every  species,  very  much  in 
the  same  manner  which  is  adopted  in  the  systematic  works 
of  the  present  day. 

Artedi  has  been  justly  called  the  Father  of  Ichthyology. 
LmniBus.  So  perfect  was  his  treatment  of  the  subject,  that  even  LiNNiEUS 
could  no  more  improve  it,  only  modify  and  add  to  it ;  and  as 
far  as  Ichthyology  is  concerned,  Linnaeus  has  scarcely  done 
anything  beyond  applying  binominal  terms  to  the  species 
properly  described  and  classified  by  Artedi. 

Artedi  had  divided  the  fishes  proper  into  four  orders,  viz. 
McUcLCopteryffii,  Acanthopterygii,  Branchiostegi,  and  Chondro- 
pterygii,  of  which  the  third  only,  according  to  our  present 
knowledge,  appears  to  be  singularly  heterogeneous,  as  it  com- 
prises Batistes,  Ostracion,  Cyclopterus,  and  Lophius,  Linnaeus, 
besides  separating  the  Cetaceans  entirely  from  the  class  of  fishes 
(at  least  since  the  10th  edition  of  the  "  Systema  Naturae  ") 
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abandoned  Artedi's  order  of  BrancUostegi,  but  substituted  a 
scarcely  more  natural  combination  by  joining  it  with  Artedi's 
Chondropterygians,  under  the  name  of  "Amphibia  nantes." 

His  classification  of  the  genera  appears  in  the  12th  edition 
of  the  "  Systema,"  thus — 

Amphibia  Nantes.  Pisces  Thoracici. 


Spiractdis  composiiis, 
Petromyzon. 

Squalus. 
Ghimsera. 

Spiraculis  solUariis, 

Lophius. 

Acipenser. 

Cyclopterus. 

Balistes. 

Ostracion. 

Tetrodon. 

Diodon. 

Centnscus. 

Syngnathus. 

P^asus. 

Pisces  Apodes. 

Mursena. 

Gymnotus. 

Trichiurus. 

Auarhichas. 

Ammodytes. 

Ophidium. 

Stromateus. 

Xiphias. 

Pisces  Jugulares. 

Callionymus. 

Uranoscopua. 

Trachinus. 

Gradus. 

Blennios. 


Cepola. 

Echeneis. 

Coryphasna. 

Gobius. 

Cottus. 

Scorp»na. 

Zeus. 

Pleuronectes. 

Ghastodon. 

Sparus. 

Labrus. 

ScisBna. 

Perca. 

Gasterost^us. 

Scomber. 

Mullus. 

Trigla. 

Pisces  Abdominales. 

Gobitis. 

Amia. 

Silurus. 

Teuthis. 

Loricaria. 

Salmo. 

Fistularia. 

Esoz. 

Elops. 

Argentina. 

Atherina. 

Mugil. 

Mormyrus. 

Exocoetus. 

Polynemua. 

Clupea. 

Cyprinus. 
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Gronow  Two  contemporaries  of  lAwMXfm  attempted  a  systematic 

arrangement  of  fishes;  both  had  considerable  opportunities 
for  their  study,  especially  in  possessing  extensive  collections ; 
but  neither  exercised  any  influence  on  the  progress  of  Ichthy- 
ology. The  one,  L.  T.  Gronow,  a  German  who  resided  in 
Holland,  closely  followed  the  arrangements  proposed  by 
Artedi  and  Linnaeus,  and  increased  the  number  of  genera  and 
species  from  the  contents  of  his  own  museum.  He  published 
two  works,  "Museum  Ichthyologicum"  (Lugd.  1754-6,  foL),and 
"  Zoophylacium  "  (Lugd.  1763-81,  foL) ;  a  posthumous  work, 
containing  numerous  excellent  descriptions  of  new  forms  was 
published  by  J.  E.  Gray  in  1854  imder  the  title  of  "  Systema 
Ichthyologicimi."  To  Gronow  also  is  due  the  invention  of  pre- 
paring flat  skins  of  fishes  in  a  dry  state,  and  preserving  them 
in  the  manner  of  a  herbariimi.  The  specimens  thus  prepared 
by  him  belong  to  the  oldest  which  have  been  preserved  down 
to  our  time. 

Much  less  important  are  the  ichthyological  labours  of 
J.  T.  Klein  (1685-1759).  They  are  embodied  in  five  parts 
(ifis^Ms)  of  a  work  entitled  "  Historia  naturalis  piscium " 
(Sedfle,  1740-9,  4ta)  He  regarded  a  system  merely  as  the 
means  of  recognising  the  various  forms  of  animals,  not  as  the 
expression  of  their  natural  affinities ;  and  that  method  seemed 
to  him  to  be  the  most  perfect  by  which  an  animal  could  be 
most  readily  determined.  He  eschewed  all  reference  to 
minute  or  anatomical  characters.  Hence  his  system  is  a 
series  of  the  most  unnatural  combinations,  and  we  cannot  be 
surprised  that  linnseus  passed  in  silence  over  Klein's  labours. 

PapilB  and       The  works  of  Artedi  and  Linnaeus  excited  fresh  activity, 

Saccessors  j^Qp^    especially  in    Scandinavia,  Holland,    Germany,  and 

England,  such  as  has  not  been  equalled  in  the  history  of 

biological  science  either  before  or  after.    Whilst  some  of  the 

pupils  and  followers  of  Linnaeus  devoted  themselves  to  an 
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examination  and  study  of  the  fauna  of  their  native  countries, 
others  proceeded  on  voyages  of  discoveiy  to  foreign  and 
distant  countries.  Of  these  latter  the  following  may  be 
specially  mentioned : — 0.  Fabricius  worked  out  the  Fauna  of 
Greenland,  JTo/m  collected  in  North  America,  Hassdquist  in 
Egypt  and  Palestine,  BrUnnich  in  the  Mediterranean,  Osbeek 
in  Java  and  China,  ITiunberg  in  Japan ;  ForskcU  examined  and 
described  the  fishes  of  the  Bed  Sea;  Sieller,  Pallas,  S.  T.  Gmelin, 
and  Guldenstedt  traversed  nearly  the  whole  of  the  Eussian 
Empire  in  Europe  and  Asia.  Others  attached  themselves  as 
naturalists  to  the  celebrated  circumnavigators  of  the  last  cen- 
tury, like  the  two  Formers  (father  and  son),  and  Solander,  who 
accompanied  Cook ;  Cammerson,  who  travelled  with  Bougain- 
ville ;  and  Sannerat.  Numerous  new  and  startling  forms  were 
discovered  by  those  men,  and  the  foundation  was  laid  of  the 
knowledge  of  the  geographical  distribution  of  animals. 

Of  those  who  studied  the  fishes  of  their  native  country  the 
most  celebrated  are  Pennant  (Great  Britain),  0,  F.  Milller 
(Denmark),  Duhamd  (France),  Meidinger  (Austria),  Comide 
(Spain),  Parra  (Cuba). 

The  materials  brought  together  by  those  and  other  zoolo- 
gists were  so  numerous  that,  not  long  after  the  death  of 
liim^eus,  the  necessity  was  felt  of  collecting  them  in  a  com- 
pendious fonn.  Several  compilators  undertook  this  task; 
they  embodied  the  recent  discoveries  in  new  editions  of 
Artedi's  and  Linux's  classical  works,  but  not  possessing  either 
a  knowledge  of  the  subject  or  any  critical  discernment,  they 
oidy  succeeded  in  covering  those  noble  monuments  under  a 
mass  of  confused  rubbish.  For  Ichthyology  it  was  fortunate 
that  two  men  at  least,  Bloch  and  LacepMe,  made  it  a  subject 
of  long  and  original  research. 

Mark  Eliezeb  Bloch,  bcMii  in  the  year  1723  at  Anspach  M.  E. 
in  Germany ,  practised  as  a  physician  in  Berlin ;  he  had  reached 
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an  age  of  fifty-six  years  when  he  commenced  to  write  on 
ichthyological  subjects.  To  commence  at  his  age  a  work  in 
which  he  intended  not  only  to  give  full  descriptions  of  the 
species  known  to  him  from  specimens  or  drawings,  but  also 
to  illustrate  every  species  in  a  style  truly  magnificent  for 
his  time,  was  an  imdertaking  of  the  execution  of  which  an 
ordinary  man  would  have  despaired.  Yet  he  accomplished 
not  only  this  task,  but  even  more,  as  we  shall  see  hereafter. 
His  work  consists  of  two  divisions : — 

1.  "  Oeconomische  Naturgeschichte  der  Fische  Deutsch- 
lands  "  (BerL  1782-4,  4to.    Plates  in  fol.) 

2.  " NatuTgeschichte  der  auskendischen  Fische"  (BerL 
1785-95,  4to.     Plates  in  fol.) 

Bloch's  work  is  unique,  and  probably  will  for  ever  remain 
so.  Although  Cuvier  fifty  years  later  undertook  a  similar 
general  work  on  fishes,  the  subject  had  then  become  too  ex- 
tensive to  aUow  of  an  attempt  of  giving  illustrations  of  all 
the  species,  or  illustrations  of  a  similar  size  and  costliness. 

The  first  division  of  the  work,  which  is  devoted  to  a  de- 
scription of  the  fishes  of  Germany,  is  entirely  original,  and 
based  upon  Bloch's  own  observations.  His  descriptions  as 
well  as  figures  were  made  fix)m  nature,  and  are,  with  but  few 
exceptions,  still  serviceable ;  many  continue  to  be  the  best 
existing  in  literature. 

Bloch  was  less  fortunate  and  is  much  less  reliable  in  his 
natural  history  of  foreign  fishes.  For  many  of  the  species 
he  had  to  rely  on  more  or  less  incorrect  drawings  and  de- 
scriptions of  travellers ;  frequently,  also,  he  was  deceived  as 
to  the  origin  of  specimens  which  he  acquired  by  purchase. 
Hence  his  accounts  contain  numerous  confusing  errors  which 
it  would  have  been  difficult  to  correct,  if  not  nearly  the  whole 
of  the  materials  on  which  his  work  is  based  had  been  pre- 
served in  the  collections  at  Berlin. 

After  the  completion  of  his  Ichthyology  Bloch  occupied 
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himself  with  systematic  work.  He  prepared  a  general  system 
of  fishes,  in  which  he  arranged  not  only  those  described  in  his 
great  work,  but  also  those  with  which  he  had  become  ac- 
quainted afterwards  from  the  descriptions  of  others.  The 
work  was  ably  edited  and  published  after  Bloch's  death  by 
a  philologist,  J,  G.  Schneider,  under  the  title  "  M.  E.  Blochii 
Systema  ichthyologiae  iconibus  ex.  illustratum "  (BerL  1801, 
8vo.)  The  number  of  species  enumerated  in  it  amoimts  to 
1519.  The  system  is  based  upon  the  number  of  the  fins,  the 
various  orders  being  termed  Hendecapterygii,  Decapterygii,  etc. 
We  need  not  add  that  an  artificieil  method  like  this  led  to  the 
most  unnatural  combinations  or  severances. 

Bloch's  Ichthyology  remained  for  many  years  the  standard 
work,  and,  by  the  great  number  of  excellent  illustrations, 
proved  a  most  useful  guide  to  the  student.    But  as  regards 
originality  of  thought,  Bloch  was  fiar  surpassed  by  his  con- 
temporary, B.  G.  R  DE  LACipfcDE,  bom  at  Agen,  in  France,  Lac^pfede. 
in  1756,  a  man  of  great  and  general  erudition,  who  died  as 
Professor  of  the  Museum  of  Natural  History  of  Paris  in  1826. 
Lac^p^de  had  to  contend  with  great  difficulties  in  the 
preparation  of  his  "Histoire  des  Poissons"   (Paris,   1798- 
1803,  4to,  in  5  vols.),  which  was  written  during  the  most  dis- 
turbed period  of  the  French  Revolution.    A  great  part  of  it 
was  composed  whilst  the  author  was  separated  from  collections 
and  books,  and  had  to  rely  on  his  notes  and  manuscripts  only. 
Even  the  works  of  Bloch  and  other  contemporaneous  authors 
remained  unknown,  or  at  least  inaccessible,  to  him  for  a  long 
time.    Therefore  we  cannot  be  surprised  that  his  work  abounds 
in  all  those  errors  to  which  a  compiler  is  subject.    The  same 
species  not  only  appears  under  two  and  more  distinct  specific 
names,  but  it  sometimes  happens  that  the  author  understands 
80  Uttle  the  source  fix)m  which  he  derives  his  information 
that  the  description  is  referred  to  one  genus  and  the  accom- 
panying figure  to  another.    The  names  of  genera  are  unduly 
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multiplied ;  and  the  figures  with  which  the  work  is  illustrated 
are  far  inferior  to  those  of  Bloch.     Thus  the  influence  of 
Lac^pMe  on  the  progress  of  Ichthyology  was  infinitely  less 
than  that  of  his  fellow-labourer;  and  the  labour  caused  to 
his  successors  by  correcting  the  numerous  errors  into  which 
he  has  fedlen,  probably  outweighs  the  assistance  which  they 
derived  from  his  work. 
Anato.  The  work  of  the  principal  cultivators  of  Ichthyology  in 

°"**^  the  period  between  Eay  and  Lac^pfede  was  chiefly  systematic 
and  descriptive,  but  also  the  internal  organisation  of  fishes 
received  attention  from  more  than  one  great  anatomist 
Holler,  Camper,  and  Hunter,  examined  the  nervous  system 
and  organs  of  sense ;  and  more  especially  Alexander  Monro 
(the  son)  published  a  classical  work,  "The  Structure  and 
Physiology  of  Fishes  explained  and  compared  with  those  of 
Man  and  other  Animals "  (Edinb.  1785,  fol.)  The  electric 
organs  of  fishes  (Torpedo  and  Gymnotus)  were  examined  by 
lUaumur,  Allamand,  Bancroft,  Walsh,  and  still  more  exactly 
by  J.  Hunter.  The  mystery  of  the  propagation  of  the  Eel 
called  forth  a  large  number  of  essays,  and  even  the  artificial 
propagation  of  StilmonidaB  was  known  and  practised  by 
Gleditsch  (1764). 
Faunists.  Bloch  and  Lac^pide's  works  were  almost  immediately  suc- 

ceeded by  the  labours  of  Cuvier,  but  his  early  publications 
were  of  necessity  tentative,  preliminary,  and  fragmentary,  so 
that  a  short  period  elapsed  before  the  spirit  infused  by  this 
great  anatomist  into  Ichthyology  could  exercise  its  influence 
on  all  workers  in  this  field.  Several  of  such  antecuvierian 
works  must  be  mentioned  on  account  of  their  importance  to 
our  knowledge  of  certain  Faunas :  the  "  Descriptions  and 
Figures  of  Two  Hundred  Fishes  collected  at  Yizagapatam  on 
the  coast  of  Coromandel"  (Lond.  1803;  2  vols,  in  foL),  by 
Patrick  Bvssel ;  and  "  An  Accoimt  of  the  Fishes  found  in  the 
Eiver  Ganges  and  its  branches"  (Edinb.  1822;  2  vols,  in 
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4to),  by  F.  Hamilton  (formerly  BuchaTum) — ^works  distin- 
guished by  a  greater  accuracy  of  their  drawings  (especially  in 
the  latter),  than  was  ever  attained  before.  A  ''  Natural  His- 
tory of  British  Fishes  "  was  published  by  JK  Donovan  (Lond. 
Syo,  1802-8)  ;  and  the  Mediterranean  Fauna  formed  the  study 
of  the  lifetime  of  A.  Bisso  (*'  Ichthyologie  de  Nice."  Paris, 
1810,  8vo  ;  and  "  Histoire  naturelle  de  TEurope  Meridionale." 
Paris,  1827,  8yo).  A  slight  b^inning  in  the  description  of 
the  fishes  of  the  United  States  was  made  by  S.  Z.  MUchell, 
who  published,  besides  various  papers,  a  "Memoir  on  the 
Ichthyology  of  New  York,"  in  1815.^ 

G.  CuviKB  did  not  occupy  himself  with  the  study  of  fishes  G*  Cuvier. 
merely  because  this  class  formed  part  of  the  ''  B^gne  animal," 
bat  he  devoted  himself  to  it  with  ptuticular  predilection. 
The  investigation  of  their  anatomy,  and  especially  of  their 
skeleton,  was  taken  up  by  him  at  an  early  period,  and  con- 
tinued until  he  had  succeeded  in  completing  so  perfect  a  frame- 
work of  the  system  of  the  whole  class  that  his  immediate 
successors  could  content  themselves  with  filling  up  those  details 
for  which  their  master  had  no  leisure.  Indefatigable  in  exam- 
ining all  the  external  and  internal  characters  of  the  fishes  of  a 
rich  collection,  he  ascertained  the  natural  affinities  of  the  in- 
finite variety  of  fishes,  and  accurately  defined  the  divisions, 
orders,  families,  and  genera  of  the  class,  as  they  appear  in 
the  various  editions  of  the  ^'S^ne  animal''  His  industry 
equalled  his  genius :  he  opened  connections  with  almost  every 
accessible  part  of  the  globe ;  not  only  French  travellers  and 
naturaUsts,  but  also  Germans,  Englishmen,  Americans,  rivalled 
one  another  to  assist  him  with  collections ;  and  for  many  years 
the  Museum  of  the  Jardin  des  Plantes  was  the  centre  where 
aU  ichthyological  treasures  were  deposited.     Thus   Cuvier 

^  Down  to  this  period  the  history  of  Ichthyology  is  fnUy  treated  in  the 
fint  yolnme  of  CnTier  and  Valenciennes  "  Hist  nat.  d.  Poias/* 

C 
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brought  together  a  collection  the  like  of  which  had  never 
been  seen  before,  and  which,  as  it  contains  all  the  materials 
on  which  his  labours  were  based,  must  still  be  considered 
to  be  the  most  important.  Soon  after  the  year  1820,  Cuvier, 
assisted  by  one  of  his  pupils,  A.  YALENCI£N^^ES,  commenced 
his  great  work  on  fishes, ''  Histoire  naturelles  des  Poissons," 
of  which  the  first  volume  appeared  in  1828.  The  earlier 
volumes,  in  which  Cuvier  himseK  took  his  share,  bear  evi- 
dence of  the  freshness  and  love  with  which  both  authors 
devoted  themselves  to  their  task.  After  Cuvier's  death  in 
1832  the  work  was  left  entirely  in  the  hands  of  Valenciennes, 
whose  energy  and  interest  gradually  slackened,  to  rise  to  the 
old  standard  in  some  parts  only,  as,  for  instance,  in  the  treatise 
on  the  Herring.  He  left  the  work  unfinished  with  the  twenty- 
second  volume  (1848),  which  treats  of  the  Salmonoids.  Yet, 
incomplete  as  it  is,  it  is  indispensable  to  the  student. 

There  exist  several  editions  of  the  work,  which,  however, 
have  the  same  text.  One,  printed  in  8vo,  with  coloured  or 
plain  figures,  is  the  one  in  common  use  among  ichthyologists. 
A  more  luxurious  edition  in  4to  has  a  different  pagination, 
and  therefore  is  most  inconvenient  to  use. 

As  mentioned  above,  the  various  parts  of  the  work  are 
very  unequally  worked  out  Many  of  the  species  are  de- 
scribed in  so  masterly  a  manner  that  a  greater  excellency  of 
method  can  hardly  be  conceived.  The  history  of  the  litera^ 
ture  of  these  species  is  entered  into  with  minuteness  and 
critical  discernment;  but  in  the  later  volumes,  numerous 
species  are  introduced  into  the  system  without  any  descrip- 
tion, or  with  a  few  words  only,  comparing  a  species  with  one 
or  more  of  its  congeners.  Cuvier  himself,  at  a  late  period  of 
his  life,  seems  to  have  grown  indifferent  as  to  the  exact  defini- 
tion of  his  species:  a  failing  commonly  observed  among 
Zoologists  when  attention  to  descriptive  details  becomes  to 
them  a  tedious  task.    What  is  more  surprising  is,  that  a  man 
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of  his  anatomical  and  physiological  knowledge  should  have 
overlooked  the  fact  that  secondary  sexual  characters  are 
developed  in  fishes  as  in  any  other  class  of  animals,  and  that 
fishes  undergo  great  changes  during  growth ;  and,  consequently, 
that  he  described  almost  all  such  sexuEil  forms  and  different 
stages  of  growth  under  distinct  specific  and  even  generic  names. 
The  system  finally  adopted  by  Cuvier  is  the  following : — 

A.    POISSONS   OSSEUX. 

I. — A  BRANCHIES  EN  PEIGNES  OU  EN  LAMES. 

1.   A  MACHOIRB  SUPI^IEURS  LIBRE. 

a«  AcanthcptSryffiens. 

Percoides.  SparoKdes.  Branchies  labyrinthiques. 

Polyn^mes.  Ch^todonoides.    Lophioldes. 

Malles.  Scomberoides.      Gobioldes. 

Joues  cuirass^es.  Muges.  Labroides. 

Scienoides. 

b.  Malacopteryffiens, 

Abdominauz.  Subbrachiens.        Apodes, 

Cyprinoides.  Sparo'ides.  Murenoldes. 

Siluroides.  Pleuronectes. 

Sahnonoides.  Discoboles. 
Clupeoides. 
Ladoides. 

2.    A  mAcHOIRE  QUPfeRIEURE  FIXEE. 

Scl^rodermes.  Gymnodontes. 

II.   A  BRANCHIES  EN  FORBiE  DE  HOUPPES. 

Lophobranches. 

B.  Cartilaginetjx  ou  ChondroptSrygiens. 

Sturioniens.  Plagiostomes.  Cyclostomes. 

We  have  to  compare  this  system  with  that  of  Linnaeus 
if  we  wish  to  measure  the  gigantic  stride  Ichthyology  has 
made  during  the  intervening  period  of  seventy  years.  The 
\'arious  characters  employed  for  classification  have  been  ex- 
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amined  throughout  the  whole  class,  and  their  relative  import- 
ance has  been  duly  weighed  and  understood.  Though 
Linnaeus  had  formed  a  category  of  "  Amphibia  nantes "  for 
fishes  with  a  cartilaginous  skeleton,  which  should  coincide 
with  Cuvier's  "Poissons  Cartilagineux,"  he  had  failed  to 
imderstand  the  very  nature  of  cartilage,  apparently  comprising 
by  this  term  any  skeletal  framework  of  less  firmity  than  ordi- 
nary bone.  Hence  he  considered  Zophius,  Cyclopterus,  Syng- 
ncUhus  to  be  cartilaginous  fishes.  Adopting  the  position  and 
development  of  the  ventral  fins  as  a  highly  importemt  charac- 
ter, he  was  obliged  to  associate  fishes  with  rudimentaiy  and 
inconspicuous  ventral  fins,  like  Trickiunts,  Xiphias,  etc.,  with 
the  true  Eels.  The  important  category  of  a  "  family  "  appears 
now  in  Cuvier's  system  fully  established  as  that  intermediate 
between  genus  and  order.  Important  changes  in  Cuvier*s 
system  have  been  made  and  proposed  by  his  successors,  but 
in  the  main  it  is  still  that  of  the  present  day. 

Cuvier  had  extended  his  researches  beyond  the  living 
forms,  into  the  field  of  palaeontology;  he  was  the  first  to 
observe  the  close  resemblance  of  the  scales  of  the  fossil 
Palceoniscm  to  those  of  the  living  Polypterus  and  Lqndasteus, 
the  prolongation  and  identity  of  structure  of  the  upper  caudal 
lobe  in  Palceoniscus  and  the  Sturgeons,  the  presence  of  peculiar 
"  fulcra  "  on  the  anterior  margm  of  the  dorsal  fin  in  PcOceoniscus 
and  Lepidosteus:  inferring  from  these  facts  that  that  fossil 
genus  was  allied  either  to  the  Sturgeons  or  to  Lepidosteus, 
But  it  did  not  occur  to  him  that  there  was  a  close  relationship 
between  those  recent  fishes.  Lepidosteus  and,  with  it,  the  fossil 
genus  remained  in  his  system  a  member  of  the  order  of 
Malacopterygii  abdominaies. 

It  was  left  to  L.  Agassiz  (bom  1807,  died  1873)  to  point 
out  the  importance  of  the  character  of  the  structure  of  the 
scales,  and  to  open  a  path  towards  the  knowledge  of  a  whole 
new  sub-class  of  fishes,  the  Oanoidei. 
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Impressed  with  the  fact  that  the  peculiar  scales  of  Poly- 
pterus  and  LepidosUus  are  common  to  all  fossil  osseous  fishes 
down  to  the  chalk,  he  takes  the  structure  of  the  scales 
generally  as  the  base  for  an  ichthyological  system,  and  distin- 
guishes foiir  orders : — 

1.  Placaids. — ^Without  scales  proper,  but  with  scales  of 
enamel,  sometimes  large,  sometimes  small  and  reduced  to 
mere  points  (Eays,  Sharks,  and  Cyclostomi,  with  the  fossil 
Hffi)odofUes). 

2.  Oanatds. — With  angular  bony  scales,  covered  with  a 
thick  stratum  of  enamel:  to  this  order  belong  the  fossil 
Lepidoides,  Sauroides,  Pycnodontes,  and  Coelacanthi;  the 
Kcent  Polypterus,  Lepidosteus,  Sclerodermi,  Gymnodontes, 
I/^hobranches,  and  Siluroides  ;  also  the  Sturgeons. 

3.  Ctenaids. — ^With  rough  scales,  which  have  their  free 
Baargins  denticulated  :  Ch»todontidae,  Pleuronectidse,  Percidae, 
folyacanthi,  Scisenidae,  Sparidae,  Scorpaenidse,  AulostomL 

4.  Cycloids. — ^With  smooth  scales,  the  hind  margin  of 
^hich  lacks  denticulation :  Labridae,  Mugilidae,  Scombridae, 
Gadoidei,  Grobiidae,Mur8enidae,Lucioidei,  Salmonidae,  Clupeidae, 
Cyprinidae. 

We  have  no  hesitation  in  affirming  that  if  Agassiz  had 
had  an  opportunity  of  acquiring  a  more  extensive  and  inti- 
niate  knowledge  of  existing  fishes  before  his  energies  were 
absorbed  in  the  study  of  their  fossil  remains,  he  himseK  would 
have  recognised  the  artificial  character  of  his  classification. 
The  distinctions  between  cycloid  and  ctenoid  scales,  between 
placoid  and  ganoid  fishes  are  vague,  and  can  hardly  be  main- 
tained.    As  far  as  the  living  and  post-cretacean  forms  are 
concerned,  the  vantage-ground  gained  by  Cuvier  was  aban- 
doned by  him ;  and  therefore  his  system  could  never  supersede 
that  of  his  predecessors,  and  finally  shared  the  fate  of  every 
classification  based  on  the  modifications  of  one  organ  only. 
But  Agassiz  has  the  merit  of  having  opened  an  immense  new 
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field  of  research  bj  his  study  of  the  infinite  vaiietj  of  fossil 
ffftmsL  In  his  principal  work,  **  Becheiches  sor  les  Poissons 
frmiles^r  (Neuehatel,  183^-43,  4to,  atks  in  foL),  he  placed 
them  before  the  world  arranged  in  a  methodical  manner,  with 
excellent  descriptions  and  illastrationsw  His  pow^  of  discern- 
ment and  penetration  in  determining  eren  the  moet  frag- 
mentary remains  is  tmly  astonishing ;  and  if  his  order  of 
Ganoids  is  an  assemblage  of  forms  very  difiTerent  from  that 
as  it  is  circumscribed  now,  he  was  at  any  rate  the  first  who 
recognised  that  such  an  order  of  fishes  exists. 

The  discoverer  of  the  Ganoidei  was  succeeded  by  their 
i.  MttlW*  explorer,  Johanxes  MOller  (bom  1801,  died  1858).  In  lus 
classical  memoir  ''Ueber  den  Bau  und  die  Grenzen  der 
Ganoiden  "  (Berlin,  1846 ;  4to),  he  showed  that  the  Granoids 
differed  from  all  the  other  osseous  fishes,  and  agreed  with  the 
Plagiostomes,  in  the  structure  of  their  heart.  By  this  primary 
character,  all  heterogeneous  elements,  as  Siluroids,  OsUogloa- 
Hiilcr,  etc.,  were  eliminated  from  the  order  as  understood  by 
Agassiz.  On  the  other  hand,  he  did  not  recognise  the  affinity 
of  Lejndosiren  to  the  Ganoids,  but  established  for  it  a  distinct 
sul>-class,  Dipnoi,  which  he  placed  at  the  opposite  end  of  the 
system.  By  his  researches  into  the  anatomy  of  the  Lam- 
preys and  Amphioxus,  their  tjrpical  distinctness  from  other 
cartilaginous  fishes  was  proved ;  they  became  the  types  of 
two  other  sub-classes,  Cydodomi  and  Leptocardii. 

MUUor  proposed  several  other  not  unimportant  modifica- 
tions of  the  Cuvierian  system;  and  although  all  cannot  be 
maintained  as  the  most  natural  arrangements,  yet  his  re- 
searches have  given  us  a  much  more  complete  knowledge  of 
the  organisation  of  the  Teleosteous  fishes,  and  later  en- 
(piiries  have  shown,  that,  on  the  whole,  the  combinations  pro- 
posed by  him  require  only  some  further  modification  and 
another  definition  to  render  them  perfectly  natural. 
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Under  the  name  of  Pharyngognathi  he  combined  fishes 
with  the  lower  pharyngeals  coalesced  into  one  bone,  viz.  the 
Labroids,  C!hromides,  and  Scombresoces.  The  association  of 
the  third  family  with  the  two  former  seemed  to  himself  a 
somewhat  arbitrary  proceeding ;  and  it  had  to  be  abandoned 
again,  when  a  number  of  fishes  which  cannot  be  separated 
from  the  Acanthopterygians,  were  found  to  possess  the  same 
united  phaiyngeals. 

A  more  natural  combination  is  the  union  of  the  Cod-fishes 
with  the  Flat-fishes  into  the  order  Anacanthini.  Flat-fishes 
are  in  fact  nothing  but  asymmetrical  Cod-fishes.  MUller 
separates  them  from  the  remaining  Malacopterygians  by  the 
absence  of  a  connecting  duct  between  the  ai>bladder  and 
oesophagus.  However,  it  must  be  admitted  that  the  examina- 
tion of  those  fishes,  and  especially  of  the  yoimg  stages,  is  not 
complete  enough  to  raise  the  question  beyond  every  doubt, 
whether  the  presence  or  absence  of  that  duct  is  an  absolutely 
distinctive  character  between  Anacanths  and  Malacoptery- 
gians. 

Many  of  the  families  established  by  Cuvier  were  re- 
examined and  better  defined  by  Mliller,  as  may  be  seen  from 
the  following  outline  of  his  system : — 

Sub-classis  I. — DipnoL 
Ordo  L — SirenoideL 
Fam.  1.  SirenoideL 

Sub-classis  II. — ^TeleosteL 
Ordo  I. — ^AcantbopterL 
Fam.  1.  PercoideL  Fam.  9.  Squamipennes. 

„    2.  CataphractL  „  10.  Taenioidei 

„     3.  Sparoidei  »  11-  GobioideL 

„     4.  Sci»noidei.  „  12.  BlennioideL 

„     5.  Labyrinthiformes.  „  13.  PediculatL 

„     6.  MugiloideL  „  14.  Theutyes. 

„     7.  Notacanthini.  ,,  15.  Fistulares. 

n    8.  ScomberoideL 
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Ordo  n. — ^AnacanthinL 
Sab-ordo  L — ^Anacanthini  sab-brachiL 

Fam.  1.  Gradoidei. 
„     2.  Pleoronectides. 

Sab-ordo  II. — ^Anacanthini  apodes. 
Fam.  1.  Ophidim. 

Ordo  in. — ^Pharjngognathi 
Sub-ordo  I. — ^Pharyngognathi  acanthopterygiL 

Fam.  1.  Labroidei  cycloideL 
„  2.  Labroidei  ctenoidei 
„     3.  Ghromides. 

Sab-ordo  IL — ^Pharyngognathi  malacopterygii 
Fam.  1.  Scomberesoces. 

Ordo  rV. — ^PhysostomL 
Sab-ordo  I. — Physostomi  abdominales. 

Fam.  1.  SilaroideL  Fam.  7.  Galaxise. 

2.  CyprinoideL  ,,     8.  Salmones. 

3.  Gharacim.  „     9.  Scopelini 

4.  Cyprinodonte&  „   10.  Clupeidse. 

5.  MormyrL  „   11.  Heteropygii. 

6.  Esoces. 

Sab-ordo  11. — Physostomi  apodes  s.  anguillares. 

Fam.  12.  MursenoideL 
„      13.  GymnotinL 
„     14.  SymbranchiL 

Ordo  V. — ^PlectognathL 

Fam.  1.  Balistini 
,,     2.  Ostraciones. 
„     3.  Gymnodontes. 

Ordo  VI. — ^LophobranchiL 
Tam.  1.  Lophobranchi 
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Sab-classis  IH — Ganoidei 
Ordo  L — Holostei. 

Fam.  1.  Lepidosteini. 
„      2.  PolypterinL 

Ordo  II. — ChondrosteL 

Fam.  1.  Acipenserini, 
„     2.  Spatularise. 

Sub-classis  lY. — Elasmobranchi  s.  SelachiL 

Ordo  I. — ^Plagiostomi. 

SuVordo  L — Squalidss. 

Fam.  1.  Scyllia.  Fam.  G.  Ehinodontes. 

„  2.  Nyctitantes.  „     7.  Notidani 

y,  3.  LamnoideL  ,,     8.  Spinace& 

„  4.  Alopecise.  „     9.  ScymnoideL 

yy  5.  Cestraciones.  „   10.  Squatinse. 

Sub-ordo  II. — ^Rajidse. 

Fam.  11.  Squatinorajse.  Fam.  14.  Trygones. 

„      12.  Torpedines.  „      15.  Myliobatides. 

„      13.  Bajse.  „      16.  Cephalopterse. 

Ordo  II. — Holocephali 
Fam.  1.  Chimaersd. 

Sub-classis  V. — Marsipobranchii  s.  CyclostomL 
Ordo  I. — Hyperoartii. 

Fam.  1.  Petromyzonini 

Ordo  II. — Hyperotreti. 
Fam.  1.  Myxinoidei. 

Sub-classis  "VT. — ^Leptocardii. 
Ordo  I. — Amphioxim. 

Fam.  1.  AmphioxinL 

The  discovery  (in  the  year  1871)  of  a  living  representative  Discovery 
of  a  genus  hitherto  believed  to  be  long  extinct,  Ceratodus,  Ceratodus. 
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threw  a  new  light  on  the  afl&nities  of  Fishes.  The  author  who 
had  the  good  fortune  of  examining  this  fish,  was  enabled  to 
show  that,  on  the  one  hand,  it  was  a  form  most  closely  allied 
to  Lepidosiren;  on  the  other,  that  it  could  not  be  separated 
from  the  Ganoid  fishes,  and  therefore  that  also  Lepidosirm 
was  a  Ganoid :  a  relation  pointed  at  already  by  Huxley  in  a 
previous  paper  on  "  Devonian  Fishes."  This  discovery  led  to 
further  considerations*  of  the  relative  characters  of  Miiller's 
sub-classes,  and  to  the  system  which  is  followed  in  the  pre- 
sent work. 

Having  followed  the  development  of  the  ichthyological 
system  down  to  the  latest  time,  we  have  to  retrace  our  steps 
to  enumerate  the  most  important  contributions  to  Ichthyology 
which  appeared  contemporaneously  with  or  subsequently  to 
the  publication  of  Cuvier  and  Valenciennes's  great  work.  As 
in  other  branches  of  Zoology,  activity  increased  almost  with 
every  year ;  and  for  convenience's  sake  we  may  arrange  these 
works  in  three  rubrics. 


Recent        I. — ^VOTAGES,  CONTAINING  GENERAL  ACCOUNTS  OF  ZOOLOGICAL 
Works. 

Collections. 

A.  French. 

1.  "Voyage  autour  du  monde  sur  les  Corvettes  de  S.  M. 
rUranie  et  la  Physicienne,  sous  le  commandement  de  M. 
Freycinet.  Zoologie :  Poissons  par  Qtu)y  et  Gaimard"  (Paris, 
1824,  4to,  atlas  foL) 

2.  "  Voyage  de  la  CoquiUe.  Zoologie  par  Lesson,'*  (Paris, 
1826-30,  4to,  atlas  foL) 

3.  "  Voyage  de  TAstrolabe,  sous  le  commandement  de  M. 
J.  Dumont  d'Urville.  Poissons  par  Quoy  et  Oaimard"  (Paris, 
1834,  8vo,  atlas  foL) 

^  DescriptioQ  of  CeTatodus.     <<  PhiL  Trans.,"  1871,  u. 
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4.  "Voyage  au  Pole  Sud  par  M.  J.  Dumont  d'Urville. 
Poissons  par  Homhron  et  JacquinoV'  (Paris,  1853-4,  8vo, 
adas  foL) 

B.  English. 

1.  "  Voyage  of  H3f  .S.  Sulphur.  Rshes  by  J,  Richardson!' 
(Lond.  1844-5,  4to.) 

2.  "  Voyage  of  H.M.S.S.  Erebus  and  Terror.  Fishes  by 
J.  RichardsonT    (Lond.  1846.  4ta) 

3.  "Voyage  of  H3f.S.  Beagla  Fishes  by  L.  J&nynsy 
(Lond  1842,  4to.) 

4.  "  Voyage  of  H.M.S.  Challenger.  Fishes  by  A.  OUnther  " 
(in  course  of  publication). 

C.  German. 

1.  "Eeise  der  osterreichischen  Fregatte  Novara.  Fische 
von  R  JTner."     (Wien.  1865,  4to.) 

IL — ^Faunae. 

A.  Great  Britain. 

1.  R.  Pamdl  "  The  Natural  History  of  the  Fishes  of  the 
Firth  of  Forth."     (Edinb.  1838,  8vo.) 

2.  W.  YarreU,  "  A  History  of  British  Fishes."  (3d  edit. 
Lond.  1859,  8vo.) 

3.  J.  Couch,  "A  History  of  the  Fishes  of  the  British 
Islands."     (Lond.  1862-5,  8vo.) 

B.  Denmark  and  Scandinavia. 

1.  H.  Kroyer,  "Danmark's  Fiske."  (KjobnL  1838-53, 
8vo.) 

2.  S.  misson, "  Skandinavisk  Fauna."  (VoL  IV.  Fiskama. 
Lund.  1855,  8vo.) 

3.  Fries  och  JEkstrom,  "  Skandinavians  Fiskar."  (Stockh. 
1836,  4to,  with  excellent  plates.) 
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C.  Russia, 

1.  Nordmann,  "  Ichthyologie  Pontique,"  in  "  Voyage  dans 
la  Bnssie  m^iidionale  de  Demidoff''  (Tom.  iii  Paris,  1840, 
8yo,  atlas  fol.) 

D.  Germany. 

1.  Heckd  and  Kner,  "  Die  Susswasser-fische  der  Oester- 
reichischen  Monarchia"    (Leipz.  1858,  8vo.) 

2.  C.  T.  E.  Siebold,  "  Die  Susswasser-fische  von  Mittel- 
europa."    (Leipz.  1863,  8vo.) 

E.  Italy  and  Mediterranean, 

1.  Bonaparte,  "Iconografia  della  Fauna  Italica."  Tom. 
iii.    PescL    (Eoma,  1832-41,  foL)    (Incomplete.) 

2.  Costa,  "  Fauna  del  Eegno  di  NapolL"  PescL  (Napoli, 
4to,  about  1850.)     (Incomplete.) 

F.  Frdrvce. 

1.  JE.  Blanchard,  ^'Les  Poissons  des  eaux  douces  de  la 
France."    (Paris,  1866,  8vo.) 

G.  Pyrenean  Peninsfula. 

The  freshwater  Fish-fauna  of  Spain  and  Portugal  was 
almost  unknown,  until  F,  Steindachner  paid  some  visits  to 
those  countries  for  the  purpose  of  exploring  the  principal 
rivers.  His  discoveries  are  described  in  several  papers  in  the 
.  "  Sitzungsberichte  der  Akademie  zu  Wien."  B,  du  Boca^e 
and  F.  Capello  contributed  towards  the  knowledge  of  the 
marine  fishes  on  the  coast  of  Portugal  ("  Jom.  Scienc.  Acad, 
lisb.") 

H.  North  America, 

1.  J.  Richardson,  "Faima  Boreali  Americana."  Part 
III.  Fishes.  (Lond.  1836, 4to.)  The  species  described  in  this 
work  are  nearly  all  from  the  British  possessions  in  the  North. 
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2.  Dekay,  "  Zoology  of  New  York."  Part  IV.  Fishes. 
(New  York,  1842,  4to.) 

3.  "  Beports  of  the  United  States  Commission  of  Fish  and 
Fisheries."  (5  vols.  Washingt.  1873-79,  8vo.  In  progress. 
Contains  most  valuable  infonnation.) 

Besides  these  works,  numerous  descriptions  of  North 
American  freshwater  fishes  have  been  published  in  the 
Reports  of  the  various  U.  S.  Government  expeditions,  and 
in  North  American  scientific  journals,  by  Storer,  Baird, 
Girard,  W.  0.  Ayres,  Cope,  Jordan,  Brovm  Ooode,  etc.;  but 
a  good  general,  and  especially  critical,  account  of  the  fishes 
of  the  United  States  is  still  a  desideratum. 

I. — Japan* 

1.  "  Fauna  Japonica."  Poissons  par  H.  SMegd.  (Lugd. 
Bat  1850,  fol.) 

J,^East  Indies;  Tropical  parts  of  the  Indian  andPadfic  Oceans. 

1.  JE.  RUppell,  "  Atlas  zu  der  Reise  im  Nordlichen  Afrika." 
(Frankt  1828,  foL) 

2.  K  Rilppdl  "Neue  Wirbelthiere.  Fische."  (Frankf. 
1837,  foL) 

These  two  works  form  the  standard  works  for  the  student 
of  the  Fishes  of  the  Eed  Sea,  and  are  distinguished  by  a  rare 
conscientiousness  and  faithfulness  of  the  descriptions  and 
figures ;  so  that  there  is  no  other  part  of  the  tropical  seas, 
with  the  fishes  of  which  we  are  so  intimately  acqujdnted,  as 
with  those  of  the  Red  Sea.  But  these  works  have  a  still 
wider  range  of  usefcdness,  in  as  much  as  only  a  small  propor- 
tion of  the  fishes  is  limited  to  that  area,  the  majority  being 
distributed  over  the  Indian  Ocean  into  Polynesia.  Riippell's 
works  were  supplemented  by  the  two  first  of  the  following 
works : — 

3.  R  Z.  Playfair  and  A.  Ounthtr,  «  The  Fishes  of  Zanzi- 
bar."    (Lond.  1866,  4to) ;  and 
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4.  C.  B.  KlunzingeVy  "Synopsis  der  Fische  des  Eothen 
Meers."    (Wien.  1870-1,  8vo.) 

5.  T.  CarvtoT,  "  Catalogue  of  Malayan  Fishes."  (Calcutta, 
1850,  8vo.) 

6.  F.  Day,  "  The  Fishes  of  India "  (Lond.  1875,  4to,  in 
progress) ;  contains  an  account  of  the  freshwater  and  marine 
species,  and  is  not  yet  complete. 

7.  A.  OuntJier, "  Die  Fische  der  Stidsee."  (Hamburg,  4to ; 
from  1873,  in  progress.) 

Unsurpassed  in   activity,  as  regards  the  exploration  of 
the  fish  fauna  of  the  East  Indian  Archipelago,  is  F,  Flecker,  a 
surgeon  in  the  service  of  the  Dutch  East  Indian  Government 
(bom  1819,  died  1878),  who,  from  the  year  1840,  for  nearly 
thirty  years,  amassed  immense  collections  of  the  fishes  of  the 
various  islands,  and  described  them  in  extremely  numerous 
papers,  published  chiefly  in  the  Journals  of  the  Batavian 
Society.    When  his  descriptions  and  the  arrangement  of  his 
materials  evoked   some  criticism,  it  must  be  remembered 
that,  at  the  time  when  he  commenced  his  labours,  and  for 
many  years  afterwards,  he  stood  alone,  without  the  aid  of 
a  previously  named  collection  on  which  to  base  his  first  re- 
searches, and  without  other  works  but  that  of  Cuvier  and 
Valenciennes.    He  had  to  create  for  himself  a  method  of  dis- 
tinguishing species  and  of  describing  them ;  and  afterwards 
it  would  have  been  difficult  for  him  to  abandon  his  original 
method  and  the  principles  by  which  he  had  been  guided  for 
so  many  years.     His  desire  of  giving  a  new  name  to  every 
individual,  to  every  small  assemblage  of  species  wherever 
practicable,  or  of  changing  an  old  name,  detracts  not  a  little 
fi^m  the  satisfaction  with  which  his  works  would  be  used 
otherwise.     It  is  also  surprising  that  a  man  with  his  ana- 
tomical knowledge  and  unusual  facilities  should  have  been 
satisfied  with  the  merely  external  examination  of  the  speci- 
mens.    But  none  of  his  numerous  articles  contain  anything 
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Tdating  to  the  anatomy,  physiology,  or  habits  of  the  fishes 
which  c€une  under  his  notice ;  hence  his  attempts  at  syste- 
matic arrangement  are  very  fefa*  from  indicating  an  advance  in 
Ichthyology. 

Soon  after  his  return  to  Europe  (1860)  Blocker  conmienced 
to  collect  the  final  results  of  his  labours  in  a  grand  work, 
illustrated  by  coloured  plates,  "Atlas  Ichthyologique  des 
Indes  Orientales  N^rlandaises."  (Amsterd.  foL  1862);  the 
publication  of  which  was  interrupted  by  the  author's  death 
in  1878. 

K. — Africa, 

1.  A.  QunOuT,  "  The  Fishes  of  the  Nile "  in  Petherick's 
"Traveb  in  Central  Africa."    (Lond.  1869,  8vo.) 

2.  W.  Peters,  "  Naturwissenschafthche  Reise  nach  Mos- 
sambique.     IV.  Flussfische."     (BerL  1868,  4to.) 

L. —  West  Indies  and  South  America. 

1.  Z.  Agassiz,  "  Selecta  genera  et  species  Piscium,  quae  in 
itinere  per  Brasiliam,  collegit  J.  B.  de  Spix."    (Monach.  1829, 

foL) 

2.  F.  de  Castlenau, "  Animaux  nouveaux  ou  rares,  recueillis 
pendant  Texpedition  dans  les  parties  centrales  de  TAm^rique 
i^  SuA  Poissons."     (Paris,  1855,  4to.) 

3.  A.  CHinther,  "  An  account  of  the  Fishes  of  the  States  of 
Central  America."    (In  Trans.  Zool.  Soc.  1868.) 

i  Z.  VaUlant  and  F,  Bocourt,  "Mission  scientifique  au 
*Iexique  et  dans  TAmdrique  centrale.  Poissons."  (Paris, 
1874, 4to.)     (In  progress.) 

f.  Poey,  the  celebrated  naturalist  of  Havannah,  devoted 
^y  years  of  study  to  the  Fishes  of  Cuba.  His  papers 
^d  memoirs  are  published  partly  in  two  periodicals,  issued 
^  himself,  under  the  title  of  "  Memories  sobre  la  Historia 
Mml  de  la  Isle  de  Cuba"  (from  1851),  and  "Eepertorio 
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Fisico-natural  de  la  Isla  de  Cuba "  (from  1865),  partly  h 
ITorth  American  scientific  joumals.  And,  finally,  F.  Stein 
cUic/mer  has  published  many  contributions,  accompanied  b; 
excellent  figures,  to  our  knowledge  of  the  Fishes  of  Centra 
and  South  America. 

M. — New  Zealand. 

1.  F.  W.  SvMon  and  J.  Hector,  "  Fishes  of  New  Zealand. 
(Wellingt.  1872,  8vo.) 

N. — Arctic  Regions, 

1.  C.  Lutken,  "A  revised  Catalogue  of  the  Fishes  c 
Greenland,**  in  "  Manual  of  the  If  atural  History,  Greology,  an- 
Physics  of  Greenland."  (Lond.  1875,  8vo.)  Although  only 
nominal  list,  this  catalogue  is  useful,  as  it  contains  reference 
to  all  the  principal  works  in  which  Arctic  fishes  have  bee 
described.  The  fishes  of  Spitzbeigen  were  examined  by  A. «. 
Malmgren  (1865). 

in. — Anatomical  Works. 

The  number  of  authors  who  worked  on  the  anatomy  < 
fishes  is  almost  as  great  as  that  of  faunists ;  and  we  shoul 
go  beyond  the  limits  of  the  present  work  if  we  mentioned  moi 
than  the  most  prominent  and  successful  M,  H.  BcUhke, « 
Mailer,  J.  Hyrtl,  and  H.  Stannius  left  scarcely  any  organ  ui 
examined,  and  their  researches  had  a  direct  bearing  either  o 
the  relation  of  the  class  of  fishes  to  the  other  vertebrate 
or  on  the  systematic  arrangement  of  the  fishes  themselve 
E.  E.  von  Baer,  F.  de  Filippi,  C.  Vogt,  W.  His,  W.  K.  Parkt^ 
and  F.  M.  Balfov/r  worked  at  their  embryology ;  A.  JSTollihe 
and  G.  Pouchet  at  their  histology.  The  osteology  was  speciall 
treated  by  G,  Bdkker,  F,  C.  Rosenthal,  L.  Agassiz,  and  ( 
Gegeniaur;  the  nervous  system  by  Gottsche,  Philipeam 
Stannius,  L.  de  Sanctis,  L.  Stieda,  Bavddot  and  Micludui 
Ifaday;  the  organ  of  hearing  by  E.  H,  Weber,  C.  Hasse,  an< 
G.  Retziiis.    The  electric  fishes  were  examined  by  E.  Geoffroi 
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0-     Jfatteuci,  P.  Pacini,  T.  Bilharx,  and  Max  Schultze.    The 
de^velopment  and  metamorphosis  of  the  Lampems  was  made 
tii.0  subject  of  research  by  H.  MiUler,  M,  SchtUtze,  and  P. 
(Hcrsjannikow;    Midler's  examination  of  Branchiostoma  was 
contiimed  by  J.  Jfareusen,  A.  Kovalevdcy,  Z.  SHeda,   W. 
Kmkr,  C.  Basse,  T.  HvxUy,  and  F.  M,  Balfowr.     The  most 
comprehensive  accounts  of  the  anatomy  of  fishes  are  con- 
tained in  the  following  works : — 

1.  H.  Stannius,  "Zootomic  der  Fische/'  2d  edit  (BerL 
1854,  8vo.) 

2.  B.  Owen,  "Anatomy  of  Vertebrates,"  vol.  i.  (Lond. 
1866, 8vo.) 

3.  B.  Owen,  "  Lectures  on  the  Comparative  Anatomy  and 
Physiology  of  the  Vertebrate  Animals."  Part  1.  Fishes. 
(Lond.  1846,  8vo.) 

4.  T.  Hiudey,  "  A  Manual  of  the  Anatomy  of  Vertebrated 
Animals."    (Lond.  1871, 16mo.) 

It  has  been  mentioned  above  that  the  great  work  of  Cuvier  Latest 
and  Valenciennes  had  been  left  incomplete.  Several  authors,  ^qj,\^^ 
therefore,  supplied  detailed  accounts  of  the  orders  omitted  in 
that  work.  Milller  and  Senle  published  an  accoimt  of  the 
l^lagiostomes,  and  Kaup  of  the  MunenidsQ  and  Lophobranchii. 
A.  Jhimiril,  finally,  commenced  an  "  Histoire  naturelle  des 
Poissons  ou  Ichthyologie  gen^rale,"  of  which,  however,  two 
volumes  only  appeared,  containing  a  complete  accoimt  of  the 
" Plagiostomes "  (Paris,  1865,  8vo),  and  of  the  "Ganoids  and 
Lophobranchs."     (Paris,  1870,  8vo.) 

So  great  an  activity  had  prevailed  in  Ichthyology  since 
the  publication  of  the  "  Histoire  natureUe  "  by  Cuvier  and 
Valenciennes,  and  the  results  of  the  manifold  enquiries  were 
scattered  over  such  a  multitude  of  publications,  that  it  became 
imperative  to  collect  again  all  these  materials  in  one  com- 
prehensive work.    This  was  done  in  the  "  Catalogue  of  Fishes," 
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published  by  the  Trostees  of  the  British  Mnseum,  in  eight 
Tolumes  (Loud.  1859-70).  Beside  the  species  previously  de- 
scrihed  many  new  forms  were  added,  the  number  total  of 
species  referred  to  in  those  Tolmues  amounting  to  8525.  As 
r^aids  the  aystematic  arrangement — MuUer's  system  vbb 
adopted  in  the  main,  but  the  definition  of  the  families  is  much 
modified.  This,  however,  need  not  be  further  entered  into 
here,  and  will  become  sufficiently  ai^>arent  in  the  subsequent 
parts  of  the  piesent  work. 


Fig.  1. — Lower  up«ct  of  head  of  Baia  lempritri. 


CHAPTER  11. 

TOPOGRAPHICAL  DESCBIPTIGN  OF  THE  EXTERNAL  PARTS  OF 

FISHES. 

I^  the  body  of  a  fish  four  parts  are  distinguished:  the 
*««d,  trunk,  tail,  and  the  fins;  the  boundary  between  the 
first  and  second  being  generally  indicated  by  the  gill-opening, 
w^d  that  between  the  second  and  third  by  the  vevU.  The  form  Form  of 
of  the  body  and  the  relative  proportions  of  those  principal  *  ^' 
parts  are  subject  to  much  variation,  such  as  is  not  found  in 
*^y  other  class  of  Vertebrates.  In  fishes  which  are  endowed 
^th  the  power  of  steady  and  more  or  less  rapid  locomotion, 
*  deviation  from  that  form  of  body,  which  we  observe  in  a 
P^itjh,  carp,  or  mackerel,  is  never  excessive.   The  body  forms  a 

• 

siQiple,  equally-formed  wedge,  compressed  or  slightly  rounded, 
well  fitted  for  cleaving  the  water.     In  fishes  which  are  in  the 
^bit  of  moving  on  the  bottom,  the  whole  body,  or  at  least  the 
^^ad,  is  vertically  depressed  and  flattened;  the  head  may  be  so 
^onnously  enlarged  that  the  trunk  and  tail  appear  merely  as 
wi  appendage.     In  one  family  of  fishes,  the  Fleuranectidce  or 
Flat-fishes,  the  body  is  compressed  into  a  thin  disk;  they 
swim  and  move  on  one  side  only,  which  remains  constantly 
directed   towards  the  bottom,  a  peculiarity  by  which   the 
symmetry  of  all  parts  of  the  body  has  been  affected.     A 
lateral  compression  of  the  body,  in  conjunction  with  a  length- 
ening of  the  vertical  and  a  shortening  of  the  longitudinal 
axis,  we  find  in  fishes  moving  comparatively  slowly  through 
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the  water,  and  able  to  remain  (as  it  were)  suspended  in  it. 
This  deviation  from  the  typical  form  may  proceed  so  far  that 
the  vertical  axis  greatly  exceeds  the  longitudinal  in  length  ; 
generally  all  the  parts  of  the  body  participate  in  this  form,  but 
in  one  kind  of  fish  (the  Sun-fish  or  Orthagoriscus)  it  is  chiefly 
the  tail  which  has  been  shortened,  and  reduced  so  much  a^ 
to  present  the  appearance  of  being  cut  off.  An  excessive 
lengthening  of  the  longitudinal  axis,  with  a  shortening  of  the 
vertical,  occurs  in  Eels  and  eel-like  fishes,  and  in  the  so-called 
Band-fishes.  They  are  bottom-fish,  capable  of  insinuating 
themselves  into  narrow  crevices  and  holes.  The  form  of  the 
body  of  these  long  fish  is  either  cylindrical,  snake-like,  as  in 
the  Eels  and  many.  Codfishes,  or  strongly  compressed  as  in 
the  Band-fishes  {Trichiurus,  BegdUcus^  etc.)  It  is  chiefly  the 
tail  which  is  lengthened,  but  frequently  the  head  and  trunk 
participate  more  or  less  in  this  fonn.  Every  possible  variation 
occurs  between  these  and  other  principal  types  of  form.  The 
old  ichthyologists,  even  down  to  linnseus,  depended  in  great 
measure  on  them  for  classification;  but  although  often  the  same 
form  of  body  obtains  in  the  same  group  of  fishes,  similarity  of 
form  by  no  means  indicates  natural  affinity ;  it  only  indicates 
similitude  of  habits  and  mode  of  life. 
Eye.  The  eostemai  parts  of  the  Head. — The  JSye  divides  the  head 

into  the  ante-orbital  and  post-orhital  portion.  In  most  fishes, 
especially  in  those  with  a  compressed  head,  it  is  situated  on 
the  side  and  in  the  anterior  half  of  the  length  of  the  head ;  in  ' 
many,  chiefly  those  with  a  depressed  head,  it  is  directed  up- 
wards, and  sometimes  situated  quite  at  the  upper  side ;  in 
very  few,  the  eyes  look  obliquely  downwards.  In  the  Flat- 
fishes both  eyes  are  on  the  same  side  of  the  head,  either  the 
right  or  the  left,  always  on  that  which  is  directed  towards 
the  light,  and  coloured. 

Fishes  in  general,  compared  with  other  Vertebrata,  have 
large  eyes.    Sometimes  these  organs  are  enormously  enlarged, 
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their  great  size  indicating  that  the  fish  is  either  nocturnal,  or 
lives  at  a  depth  to  which  only  a  part  of  the  sun's  rays  pene- 
trate. On  the  other  hand,  small  eyes  occur  in  fishes  inhabit- 
ing muddy  places,  or  great  depths  to  which  scarcely  any  light 
descends,  or  in  fishes  in  which  the  want  of  an  organ  of  sight 
is  compensated  by  the  development  of  other  organs  of  sense. 
In  a  few  fishes,  more  particularly  in  those  inhabiting  caves 
or  the  greatest  depths  of  the  ocean,  the  eyes  have  become 
quite  rudimentary  and  hidden  imder  the  skin. 

In  the  arUe-orbital  portion  of  the  head,  or  the  Snout,  Snout. 
are  situated  the  mouth  and  the  nostrils. 

The  Mouth  is  formed  by  the  intermaxillary  and  maxillary  Mouth. 
bones,  or  by  the  intermaxillary  only  in  .the  upper  jaw,  and 
by  the  mandibulary  bone  in  the  lower.  These  bones  are 
either  bare  or  covered  by  integument,  to  which  frequently 
labial  folds  or  lips  are  added.  As  regards  form,  the  mouth 
offers  as  many  variations  as  the  body  itseK,  in  accordance 
with  the  nature  of  the  food,  and  the  mode  of  feeding.  It 
may  be  narrow,  or  extremely  wide  and  cleft  to  nearly  the  hind 
margin  of  the  head ;  it  may  be  semi-elliptical,  semicircular, 
or  straight  in  a  transverse  line ;  it  may  be  quite  in  front  of 
the  snout  {anterior),  or  at  its  upper  surface  {superior),  or  at 
its  lower  {inferior),  or  extending  along  each  side  {lateral); 
sometimes  it  is  sub-circular,  organised  for  sucking.  The  jaws 
of  some  fishes  are  modified  into  a  special  weapon  of  attack 
(Sword-fish,  Saw-fish) ;  in  fact,  throughout  the  whole  class  of 
fishes  the  jaws  are  the  only  organ  specialised  for  the  purpose 
of  attacking ;  weapons  on  other  parts  of  the  body  are  purely 
defensive 

Both  jaws  may  be  provided  with  skinny  appendages,  bar- 
hds,  which,  if  developed  and  movable,  are  sensitive  organs  of 
touch. 

In  the  majority  of  fishes  the  Nostrils  are  a  double  opening  Nostrils. 
on  each  side  of  the  upper  surface  of  the  snout ;  the  openings 
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of  each  side  being  more  or  less  close  together.  Thej  lead  into 
a  shallow  groove;  and  only  in  one  family  (the  Myzinoids) 
perforate  the  palate.  In  this  family,  as  well  as  in  the  Lam- 
preys, the  nasal  aperture  is  single.  In  many  Eels  the  open- 
ings are  lateral,  the  lower  perforating  the  upper  lip.  In  the 
Sharks  and  Bays  (Fig.  1,  p.  34)  they  are  at  the  lower  surface 
of  the  snout,  and  more  or  less  confluent ;  and,  finally,  in  the 
Dipnoi  and  other  Granoids,  one  at  least  is  within  the  labial 
boundary  of  the  mouth. 

The  space  across  the  forehead,  between  the  orbits,  is  called 
the  inter-orbital  space ;  that  below  the  orbit,  the  infra-arbital 
or  guh-orbital  r^on. 
Gill-cover.  In  the  post-orbital  part  of  the  head  there  are  distinguished, 
at  least  in  most  Teleosteous  Fishes  and  many  Ganoids,  (Fig. 
24)  the  prceaperculum,  a  sub-semicircular  bone,  generally  with 
a  free  and  often  serrated  or  variously-armed  margin;  the 
operculum,  forming  the  posterior  margin  of  the  gill-opening,  and 
the  mbopercvlum  and  inter-operculum  along  its  inferior  margin. 
All  these  bones,  collectively  called  operdes,  form  the  ffUl-cover, 
a  thin  bony  lamella  covering  the  cavity  containing  the  gills. 
Sometimes  they  are  covered  with  so  thin  a  membrane  that 
the  single  bones  may  be  readily  distinguished;  sometimes 
they  are  hidden  imder  a  thick  integument.  In  some  cases  the 
inter-operculum  is  rudimentary  or  entirely  absent  (Siluroids). 
Gill-  The  GUI-opening  is  a  foramen,  or  a  slit  behind  or  below  the 

opening.  }jg^^  l^y  -vehich  the  water  which  has  been  taken  up  through 
the  mouth  for  the  purposfi  of  breathing  is  again  expelled. 
This  slit  may  extend  from  the  upper  end  of  the  operculum  all 
round  the  side  of  the  head  to  the  symphysis  of  the  lower  jaw; 
or  it  may  be  shortened  and  finally  reduced  to  a  small  opening 
on  any  part  of  the  margin  of  the  giU-cover.  Sometimes 
(Symhranchtis)  the  two  openings,  thus  reduced,  coalesce,  and 
form  what  externally  appears  as  a  single  opening  only.  The 
margin  of  the  gill-cover  is  provided  with  a  cutaneous  fringe, 


in  order  to  more  effectoally  close  the  gill-opetiiiig ;  and  this 
binge  is  supported  hj  one  or  sevenl  or  many  hooj  lajs,  the 
branefuoat^ait.  The  space  on  the  chest  between  the  two 
rami  of  the  lower  jaw  and  between  the  gill-openingB  is  called 
the  itthmut. 

The  Sharks  and  Eays  differ  from  the  Teleosteous  and 
Ganoid  fishes  in  having  five  branchial  slits  (six  or  seven  in 
Eexanehug  and  Septanehus),  vdiicb  are  lateral  in  the  Sharks, 
and  at  the  lower  suriace  of  the  bead  in  the  Rays  (Fig.  1,  p.  34). 
In  Myxine  only  the  gill-opening  is  at  a  great  distance  from 


the  head ;  it  is  either  single  in  this  family  (Cyclostomi),  or 
there  are  six  and  more  on  each  side  (Fig.  2). 

In  the  TVuni  are  distinguished  the  hciek,  the  sides,  and  the 
i^Kitmen.  It  gradoaUy  passes  in  all  fishes  into  the  Tail ;  Tul 
t^e  termination  of  the  abdominal  cavity  and  the  commence- 
ment of  the  tail  being  generally  indicated  by  the  position 
of  the  vent. .  The  exceptions  are  numerous :  not  only  certain 
abdominal  organs,  like  the  sexual,  may  extend  to  between  the 
muscles  of  the  tail,  but  the  intestinal  tract  itself  may  pass  far 
backwards,  or,  singularly,  it  may  be  reflected  forwards,  so 
that  the  position  of  the  vent  may  be  either  close  to  the 
extremity  of  the  tail  or  to  the  foremost  part  of  the  trunk. 

In  many  fishes  the  greater  part  of  the  tail  is  surrounded 
by  the  fins,  leavii^  only  a  small  portion  (between  dorsal, 
caudal,  and  anal  fins)  finless ;  this  part  is  called  the  /ree  por- 
tion or  the  peduTicle  of  the  taiL 
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The  Fins  are  divided  into  vertical  or  unpatred,  and  into 
horizontal  or  paired  Jims.  Any  of  them  may  be  present  or 
absent ;  and  their  position,  number,  and  form  are  most  im- 
portant guides  in  determining  the  affinitiee  of  fishes. 

The  vertical  fins  are  situated  in  the  median  dorsal  line, 
&om  the  head  to  the  extremity  of  the  tail,  and  in  the  ventxal 
line  of  the  taiL  In  fishes  in  vhich  they  are  least  developed 
or  moat  embryonic,  the  vertical  fin  appears  as  a  simple  fold  of 
the  sldtt  surrounding  the  extremity  of  the  taiL  In  its  further 
progress  of  development  in  the  series  of  fishes,  it  gradually  ex- 
tends more  forwards,  and  may  reach  even  the  head  and  vent. 
Even  in  this  embryonic  condition  the  fin  is  generally  supported 
by  fine  rays,  which  are  the  continuations  of,  or  articulated  to, 
other  stronger  rays  supported  by  the  processes  or  apophyses 
of  the  vertebral  column.  This  form  of  the  vertical  fin  is  very 
common,  for  instance  in  the  Eels,  many  Gadoid,  Blennioid 
and  Ganoid  fishes  in  vhich,  besides,  the  rays  have  ceased  to 
be  simple  rods,  showing  more  or  less 
numerous  joints  (simple  articulated  rays ; 
Fig.  3).  Branched  rays  are  dichotomically 
split,  the  joints  increasing  in  number  to- 
wards the  extremity. 

The  continuity  of  the  vertical  fin, 
however,  is  interrupted  in  the  majority  of 
fishes;  and  three  fins  then  are  distin- 
goiahed :  one  in  the  dorsal  line — the  dorail 
fin;  one  in  the  ventral  line  behind  the 
anus — the  anal  fin ;  and  one  confined  to 
the  extremity  of  the  tail — the  caiidal  fin. 
The  caudal  fin  is  rarely  symmetrical, 
so  that  its  upper  half  woold  be  equal  to 
*■  Br«ich«d  ny  (lort).  jj^  j^^g^ .  tj,g  greatest  degree  of  asym- 
metry obtains  in  fishes  with  beterocercal  tormination  of  the 
vertebral  column  (see  subsequently.  Figs.  31,  41).    In  fishes  in 


Fig.  8. 

1.  Simple  nj. 

2.  SpinflL 

3.  Simple  uticnUted 
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whicb  it  is  nearly  symmetncal  it  is  frequently  prolonged  into 
an  npper  and  lower  lobe,  its  hind  margin  being  concave  or  more 
or  less  deeply  excised ;  in  others  the  hind  margin  is  rounded, 
and  when  the  middle  lays  greatly  exceed  in  length  the  outer 
ones  the  fin  assumes  a  pointed  form. 

Many  and  systematically  important  diSerences  are  ob- 
served in  the  dorsal  fin,  which  is  either  spiny-rayed  (spinous) 
{AeaTithopterygian),  or  soft-rayed  (^Malacopttrygian),  In  the 
former,  a  smaller  or  greater  number  of  the  rays  are  simple 
and  without  transretse  joints;  Uiey  may  be  flexible,  or  so 
much  osseous  matter  is  deposited  in  them  that  they  appear 
hard  and  truly  spinoos  (Fig.  3) ;  these  spines  form  always  the 
anterior  portion  of  the  fin,  which  is  detached  from,  or  continuous 


'ig.  1. — Idbrax  lapos  (fiua),  an  Acanthopterygian  with  anterior  Bpinoni, 
Hid  jKMtcirior  toft  donal  fln. 

with,  tiie  remaining  jointed  rays.  The  spines  can  be  erected 
Of  depressed  at  the  will  of  the  fish ;  if  in  the  depressed  posi- 
tion the  spines  cover  one  another  completely,  their  points 
'^  in  the  same  line,  the  fish  is  called  TiamacxtiUh ;  but  if 
tbe  apioes  are  asymmetrical,  alternately  broader  on  one  side 
Ihao  on  the  other,  the  fish  is  called  heteracanih.  The  spinous 
division,  as  well  as  the  one  consisting  of  jointed  rays,  may 
igain  be  sabdivided.  In  the  Halaeopttrygian  type  all  the 
Hfi  remain  jointed ;  indeed,  sometimes  the  foremost  ray,  with 
its  [veceding  short  supports,  is  likewise  ossified,  and  a  hard 
■pine,  but  the  aiticolations  can  nearly  always  be  distinctly 
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traced.  Sometimes  the  dorsal  fin  of  Malacopterygian  fishes  is 
very  long,  extending  from  the  head  to  the  end  of  the  tail,  some- 
times it  is  reduced  to  a  few  rays  only,  and  in  a  few  cases  it  is 


//■// 
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Fig.  5. — SanroB  nndosquamis,  a  MalaooptexygiAii  with  anterior 
soft  dorsal,  and  additional  adipose  fin. 

entirely  absent  In  addition  to  the  rayed  dorsal  fin,  many 
Malacopterygian  fishes  (as  the  Salmonoids,  many  Silnroids, 
Scopeloids,  etc.)  have  another  of  greater  or  lesser  extent,  with- 
out any  rays ;  and  as  always  fat  is  deposited  within  this  fold, 
it  is  called  b,  fatty  fin  (pinna  adipasa). 

The  anal  fin  is  built  on  the  same  plan  as  the  dorsal,  and 
may  be  single  or  plural,  long  or  short,  or  entirely  absent ;  in 
Acanthopterygians  its  foremost  rays  are  frequently  simple  and 
spinous. 

The  horizontal  or  paired  fins  consist  of  two  pairs :  the 
pectorals  and  ventrals. 

The  pectpral  fins  (with  their  osseous  supports)  are  the 
homologues  of  the  anterior  limbs  of  the  higher  Vertebrata. 
They  are  always  inserted  immediately  behind  the  gill-opening ; 

» 

either  symmetrical  with  a  rounded  posterior  margin,  or  asym- 
metrical, with  the  upper  rays  longest  and  strongest ;  in  Mala- 
copterygians  with  a  dorsal  spine  the  upper  pectoral  ray  is 
frequently  developed  into  a  similar  defensive  weapon. 

The  ventral  fins  are  the  homologues  of  the  hind-limbs,  and 
inserted  on  the  abdominal  surface,  either  behind  the  pectorals 
(Pisces  s.  PinncB  ahdomindUs),  or  below  them  (Pisces  s.  Pinna 
thora^cicce),  or  in  advance  of  them  (Pisces  s.  Pinnce  jtiyulares). 
They  are  generally  narrow,  composed  of  a  small  number  of 
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nyB,  the  outer  of  which  is  frequently  osseous.  In  some  small 
gronpe  of  fishes,  like  the  Gobies,  the  fins  coalesce  and  form 
a  SQctorial  disk. 


Fig.  8. — Bnrbot  (Lota  Tulguij),  with  jugular  Tentral  Bus. 

For  the  definition  of  the  smaller  systematic  groups,  and 
the  det«miination  of  species,  the  numbers  of  the  spines  and 
rays  are  generally  of  the  greatest  importance.  This  holds 
good,  especially  for  the  ventral  rays,  by  the  number  of  which 
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the  Acanthopterygian  affinities  of  a  fish  can  nearly  always  be 
determined.  The  numbers  of  the  dorsal  and  anal  rays  gene- 
rally correspond  to  the  number  of  vertebrae  in  a  certain 
portion  of  the  spine,  and  are  therefore  constant  specific, 
generic,  or  even  family  characters;  but  when  their  number 
is  very  great,  a  proportionally  wide  margin  must  be  allowed 
for  variation,  and  the  t-axinomic  value  of  this  character  be- 
comes imcertain.  The  numbers  of  the  pectoral  and  caudal 
rays  are  rarely  of  any  account. 
Function  The  fins  are  organs  of  motion ;  but  it  is  chiefly  the  tafl 
and  the  caudal  fin  by  which  the  fish  impels  itself  forward. 
To  execute  energetic  locomotion  the  tail  and  caudal  fin  are 
strongly  bent,  with  rapidity,  alternately  towards  the  right 
and  left ;  whilst  a  gentle  motion  forwards  is  effected  by  a 
simply  undulating  action  of  the  caudal  fin,  the  lobes  of  which 
act  like  the  blades  of  a  screw.  Retrograde  motions  can  be 
made  by  fish  in  an  imperfect  manner  only,  by  forward-strokes 
of  the  pectoral  fins.  When  the  fish  wants  to  turn  towards  the 
left,  he  gives  a  stroke  of  the  tail  towards  the  right,  the  right 
pectoral  acting  simultaneously,  whilst  the  left  remains  ad- 
pressed  to  the  body.  Thus  the  pectoral  fins  assist  in  the 
progressive  motions  of  the  fish,  but  rather  directing  its  course 
than  acting  as  powerful  propellers.  The  chief  function  of  the 
paired  fins  is  to  maintain  the  balance  of  the  fish  in  the  water, 
which  is  always  the  most  unsteady  where  there  is  no  weight 
to  sink  it :  when  the  pectoral  of  one  side,  or  the  pectoral  and 
ventral  of  the  same  side  are  removed,  the  fish  loses  its  balance 
and  falls  on  the  side  opposite ;  when  both  pectorals  are  re- 
moved, the  fish's  head  sinks ;  on  removal  of  the  dorsal  and 
anal  fins  the  motion  of  the  fish  assumes  a  zig-zag  course.  A 
fish  deprived  of  all  fins,  as  well  as  a  dead  fish,  floats  with  the 
belly  upwards,  the  back  being  the  heavier  part  of  the  body. 

In  numerous  groups  of  fishes  which  live  in  mud,  or  are 
enabled  to  pass  a  longer  or  shorter  time  in  soil  periodi- 
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caDj  dried  and  hardened  during  the  hot  seaaon,  forms  occur 
entirely  devoid  of,  or  with  only  rudimentaiy,  ventral  fins 
{Cyprinodon,  Ophiocephalidfe,  Galaiiidse,  Siluridfe).  The  chief 
function  of  these  fins  being  to  balance  the  body  of  the  fiah 
whilst  swimming,  it  is  evident  that  in  fishes  moving  during  a 
great  part  of  their  life  over  swampy  ground,  or  through  more 
or  lees  consistent  mud,  tiiis  function  of  the  ventral  fins  ceases, 
and  that  nature  can  readily  dispense  with  these  organs 
altogether. 

In  oertain  fishes  the  shape  and  function  of  the  fins  are 
considerably  modified  :  thus,  in  the  Bays,  locomotion  is  almost 
entirely  effected  and  regulated  by  the  broad  and  expanded 
pectoral  fins  acting  witJi  an  undulatory  motion  of  their  mar- 
gins, similar  to  the  undulations  of  the  long  vertical  fins  of  the 
Flat-fishes ;  in  many  Blennies  the  ventral  finB  are  adapted 
for  walking  on  the  sea-bottom ;  in  some  Gobioids  {Periopk- 
'Owlmui),  Trigloids,  Scorpeenioids,  and  Fediculati,  the  pectoral 
Gm  are  perfect  organs  of  walking ;  in  the 
GolMes,  Cydopteri,  and  Discoboli  the  ventral 
fins  are  transformed  into  an  adhesive  disk, 
and  finally  in  the  Flyii^-fish,  in  which  the  ' 
pectorals  act  as  a  parachute.     In  the  Eels 
wd  other  snake-like  fishes,  the   swimming 
aa  well  as  the  gliding  motions  are  effected    fij.  9.— VentnJ* 
bj  several  curvatures  of  the  body,  alternate         "^  *■*'"*■ 
towards  the  right  and  left,  resembling  the  locomotion  of  Snakes. 
In  Uie  Synffnathi  (Pipe-fishes)  and  Hippocampi,  whose  body 
■iliDits  of  but  a  alight  degree  of  lateral  curvature,  and  whose 
ondal  fin  is  generally  small,  if  present  at  all,  locomotion  is 
Toy  limited,  and  almost  wholly  dependent  on  the  action  of 
tbe  dorsal  fio,  which  consists  of  a  rapid  undulating  movement. 

The  ikin  of  fishes  is  either  covered  with  scales,  or  naked.  Skin  uid 
or  provided  with  more  or  less  numerous  scutes  of  various       *"" 
btnsa  and  sizes.    Some  parts,  like  the  head  and  fins,  are  more 


frequently  naked  than  scaly.  All  fishes  provided  vith 
electric  organs,  the  majoritj  of  Eels,  and  the  Lampreys,  an 
naked.  Scales  of  fishes  are  very  different  &om  those  of 
Beptiles;  the  latter  being  merely  folds  of  the  cutia,  whilst 
the  scales  of  fishes  axe  distinct  homy  elemeota,  developed  in 
grooves  01  pockets  of  the  skin,  like  baits,  nails,  or  feat])ea& 
Very  small  or  nidimentaiy  scales  ue 
extremely  thin,  homogeneous  in  stmo- 
ture,  and  more  or  less  imbedded  in 
the  skin,  and  do  not  cover  each  other. 
When  more  developed,  tbey  are  im- 
Fig.  10.— Cycloid  scaia  of  bricated  (arranged  in  the  manner  of 
o.dopd>mm™i»<«.«..|  tiles).  With  the  posterior  part  eitpuded 
and  &ee,  the  surface  of  the  anterior  portion  being  usually 
covered  by  the  skin  to  a  greater  or  less  extent    On  their 

. surface  (Tigs.  10  and  11)  may 

be  observed  a  very  fine  striatioD 
concentric  and  parallel  to  the 
margin,  and  coarser  stris  radi- 
ating from  a  central  point  to- 
wards the  hind  margin.  Scales 
without  a  covering  of  enamel, 
with  an  entire  (not  denticu- 
lated) posterior  margin,  and 
with  a  concentric  striation,  are 
called  Cycloid  scales.  Ctenoid 
scales  (Figs.  12-15)  are  gene- 
rally thicker,  and  provided  with  spinous  teeth  on  the  posterior 
edges  of  the  layers  of  which  the  scale  consists.  In  some 
species  only  the  layer  nearest  to  the  margin  is  provided  with 
denticulations  (Fig.  14).  Scales,  the  free  surface  of  which  is 
spiny,  and  which  have  no  denticulation  on  the  margin,  have 
been  termed  Sparoid  scales ;  but  their  distinction  from  ctenoid 
scales  is  by  no  means  sharp,  and  there  are  even  intermediate 
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Vi%.  II.— Cycluid  gcale  of  Scopeliu 
reaplendcns  (mign.) 
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Conns  between  the  cycloid  and  ctenoid  types.    Both  kinds  of 


"^  may  occur  not  only  in  species  of  the 
'^016  genus  of  fishes,  but  in  the  same  fish. 

Ganoid  scales  are  hard  and  bony,  covered 
^th  a  layer  of  enamel ;  they  are  generally 
rhombic  or  quadrangular,  rarely  rounded  and 
Uobiicate;  and  arranged  in  oblique  rows, 
those  of  one  row  being  linked  together  by 
an  articalary  process.  This  type  of  scales, 
common  in  fossil  Ganoid  fishes,  occurs 
among  recent  fishes  in  ZepidoaUus  and  Pdypteraa  only. 


Fiusllj,  in  Sharks,  the  Balistidffi,  and  ottteni,  txoe  m 
are  alwent  and  replaced  by  the  ossified  papillse  of  the  c 
which  give  the  surface  the  appearance  of  fine-grained  tsbagi 


ng.  18. — D«niul  papilla  of  Honicanthiu  MppacK}HB  (nugn.) 

These  generally  small  bodies,  as  well  as  the  large  o» 
scates  of  the  Rays,  Sturgeons,  etc.,  have  been  comp 
under  the  commoQ  name  Plaand  scales ;  a  term  m 
deservedly  is  being  abandoned. 

Along  the  side  of  the  body  of  osseous  fishes  runs  a  e 

of  perfotBted  scales,  which  is   called   the  lateral  line 

21).     The  perforating  duct  is  simple  at  its  base,  and 

be  also  simple  at  its  i 

opening  (Fig,  19),  or  (and 

^^^^^    is   frequently  the  case) 

portion  on  the  ^"ee  surfa 

the  scale  ia  ramified  (Fig 

The   lateral   line  runs 

Flg.ie.— CydoidMalerromtbebtmi     the  head  to  the  tail,  8> 

Una  of  Odai  lineatiu  (edmiil )  . .  -••  .i_ 

'  ^   '  tunes    reaching    the   C8 

fin,  sometimes  stopping  in  front  of  it,  sometimes  ad^ 
ing  over  its  rays.  It  is  nearer  to  the  dorsal  profile  in  i 
fishes  than  in  others  Some  species  have  several  la 
lines,  the  upper  one  coasting  the  dorsal,  the  lower 
abdominal  outline,  one  running  along  the  middle  as  u 


The  scales  of  the  lateral  line  are   sometimes   larger  than 
the  otheis,  sometimes  smaller  sometimes  modified  mto  scutes, 


%  M.— Cycloid  tctle  from  the  lateral  line  of  Labrichthyi  latldavins  (ougn.) 


s  there  are  no  other  scales  beside  them,  the  rest  of  the 
I  Wy  being  naked.  The  foramina  of  the  lateral  line  are  the  out- 
let of  a  muciferouB  duct  which  is  continued  on  to  the  head, 
fonuuig  along  the  infraorbital  bones,  and  sending  off  a  branch 
into  tbe  pTseopercular  mai^in  and  mandible.  In  man^  fishes, 
SB  in  many  Scisenoids,  Gadoids,  and  in  numerous  deep-sea 
fishes,  the  ducts  of  this  muciferous  system  are  extraordinarily 
vide,  and  generally  filled  with  mucus,  which  is  congealed  or 
contncted  in  specimens  preserved  in  spirits,  but  swells  again 
vben  the  specimens  are  immersed  in  water.  This  system  is 
abundantly  provided  with  nerves,  and,  therefore,  has  been 
considered  to  be  the  seat  of  a  sense  peculiar  to  fishes,  but 
there  cannot  be  any  doubt  that  its  function  is  the  excretion 
of  mncus,  although  probably  mucus  is  excreted  also  from  the 
entire  surface  of  the  fish. 

The  scales,  their  structure,  number  and  arrangement,  are 
lui  importAnt  character  for  the  determination  of  fishes ;  in  most 
Bcaly  fishes  they  are  arranged  in  oblique  transverse  series ; 
»nd  as  the  number  of  scales  in  the  lateral  line  generally  cor- 
nsponds  to  the  number  of  transverse  series,  it  is  usual  to 
connt  the  scales  in  that  line.  To  ascertain  the  number  of 
longitudinal  series  of  scales,  the  scales  are  counted  in  one  of 
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the  tranflverae  series,  generaUy  in  that  numiiig  from  the  e^-^M^n 
mencement  of  the  dorsal  fin,  or  the  middle  of  the  back  to  «il> 


Fig.  21. — Arrangemmt  of  scslu  in  the  Roach  (Leociacna  ratUiiB)  :  i  I  =  L«Wf»* 
line ;  It  =  Tmurerae  lias,  a,  Traa^verw  line  from  1*t«i«l  line  to  Temtnd  (bi- 
lateral line,  and  from  the  lateral  line  down  to  the  vent  or 
ventral  fin,  or  middle  of  the  abdomen.' 

The  scales  of  many  fishes  are  modified  for  special  pll^ 
posea,  especially  to  form  weapons  of  defence  or  a  protective 
armour,  but  the  details  of  such  modifications  are  better  men- 
tioned under  the  several  families  in  which  they  occur.  All 
scalea  are  continually  growing  and  wasting  away  on  the 
surface,  and  it  seems  that  some  fish,  at  least, — for  instance, 
Salmonoids — "shed"  them  periodically;  during  the  prt^resa 
of  this  shedding  the  outlines  of  the  scales  are  singularly 
irregular. 

1  In  the  foiTnnla  generally  preceding  the  description  of  a  fiah,  "L.  kt 
40,"  Tould  expreiu  that  the  acalea  between  the  head  and  caudal  fin  an 
arranged  in  40  tranavene  seriee  ;  and  prohaUlj,  that  the  lateral  line  is  oom- 
posed  of  the  Bame  number  of  scalea.  "  L.  transr.  |  "  would  express  that  tllera 
are  eight  longitudinal  eerieg  of  scales  between  the  median  line  of  the  back  and 
the  lateral  tine,  and  fire  between  the  lateral  line  and  the  middle  of  tba 
abdomen. 


CHAPTER  m. 

TKBMINOLOGY  AND  TOPOGRAPHY  OF  THE  SKELETON. 

1^'  order  to  readily  comprehend  the  subsequent  account  of 
tke  modifications  of  the  skeleton  in  the  various  sub-classes 
Mid  groups  of  Fishes,  the  student  has  to  acquaint  himself  with 
the  terms  used  for  the  numerous  bones  of  the  fish  skeleton, 
M  Well  as  with  their  relative  position.  The  skeleton  of  any 
of  the  more  conmion  kinds  of  osseous  fish  may  serve  for  this 
purpose ;  that  of  the  Perch  is  chosen  here. 

The  series  of  bones  constituting  the  axis  of  the  body,  and 
destined  to  protect  the  spinal  chord  and  some  large  longi- 
tudinal blood-vessels,  is  called  the  vertebral  or  spinal  column ; 
the  single  bones  are  the  vertebrce.  The  skull  consists  of  the 
'^nes  surrounding  the  brain  and  organs  of  sense,  and  of  a 
iJumber  of  arches  suspended  from  it,  to  support  the  com- 
mencement of  the  alimentary  canal  and  the  respiratory 
oigans. 

The  vertebra  (Fig.  22)  consists  of  a  body  or  centrum  (c), 

irith  a  concave   anterior  and  posterior  surface,  and  gene- 

nJly  of  several  processes  or  apophyses,  as — 1.  Two  neura- 

pophyses  {nd)y  which,  on  the  dorsal  side,  rising  upwards,  form 

the  neural  arch  over  the  canal,  in  which  the  spinal  chord 

is  lodged.     2.  Two  parapophyses  (pa)  usually  projecting  from 

the  lower   part  of  the  sides  of  the  body,  or  two  hcsm^- 

pophyses  (ha)  which  actually  coalesce  to  form  on  the  ventral 

side  the  h^mal  canal  for  a  large  trunk  of  the  vascular  sys- 


62 


tem.  3.  A  neural  spine  (as),  which  crowns  the  neuis- 
pophyses,  or  is  interposed  between  their  tips.  4  A  homed 
Bpine  (ha),  having  the  same  relation  to  the  hiemapophyses. 


Tig.  22. — Side  «iid  Front  view  of  FUb-verWbn. 

5,  Two  pleurapapkyses  or  floating  ribs,  suspended  from,  or 
from  the  base  of,  the  parapophyses.  6.  In  most  fishes  the 
neural  arches  are  connected  together  by  articular  or  oblique 
processee,  zygap<yphy8es  (za),  which  are  developed  from  the  base 
of  each  neurapophysis. 
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The  vertebraB  are  either  abdominal  or  caudal  vertebrae, 
the  coalescence  of  the  parapophyses  into  a  complete  haemal 
xing,  and  the  suspension  of  the  anal  fin  generally  forming  a 
sufficiently  well-marked  boundary  between  abdominal  and 
caudal  regions  (Fig.  23).     In  the  Perch  there  are  twenty- 
one  abdominal  and  as  many  caudal  vertebrae.    The  centrum 
of  the  first  vertebra  or  atlas  is  very  short,  with  the  apo- 
physes scarcely  indicated,  and  lacking  ribs  like  the  succeeding 
vertebra.    All  the  other  abdominal  vertebne,  with  the  ex- 
ception of  the  last  or  two  last,  are  provided  with  ribs,  many 
of  which  are  bifid  (72).    A  series  of  flat  spines  (74),  called 
irUemeurals,  to  which   the  spines  and  rays  of  the  dorsal 
fins  are  articulated,  are  supported  by  the  neural  spines,  the 
strength  of  the  neurals  and  intemeurals  corresponding  to 
that  of   the   dermal   spines    (75).     The    caudal    vertebrae 
differ  from   the  abdominal  in  having  the  h»mapophyseal 
elements  converted  into  spines   similar  to  the  neurals,  the 
anterior   being   likewise    destined   to  support    a    series   of 
iiiUrhctmals  (79),  to  which  the  anal  rays  are  articulated. 
The  last  and  smallest  caudal  vertebra  articulates  with  the 
^ypural  (70),  a  fan-like  bone,  which,  together  with  the  dilated 
tindmost  neural  and  haemal  elements,  supports  the  caudal 
rays. 

Looking  at  a  perch's  shdl  from  the  side  (Fig.  24),  the 
niost  superficial  bones  will  be  foimd  to  be  those  of  the  jaws, 
a  chain  of  thin  bones  round  the  lower  half  of  the  eye,  and  the 
opercles. 

The  anterior  margin  of  the  upper  jaw  is  formed  by  the 
iiUermaxiUary  or  premaxUlary  (17)  which  bears  teeth,  ter- 
Diinates  in  a  pedicle  above,  to  allow  of  a  forward  sliding  motion 
of  the  jaw,  and  is  dilated  into  a  flat  triangular  process  behind, 
on  which  leans  the  second  bone  of  the  upper  jaw,  the  max- 
illary (18).  This  bone  is  toothless,  articulates  with  the  vomer 
and  palatine  bone,  and  is  greatly  dilated  towards  its  distal 


54  FISHES. 

extremity.  Both  the  maxillaiy  and  intermaxillaiy  lie  and 
move  parallel  to  each  other,  being  connected  by  a  narrow 
membrane ;  in  many  other  fishes  their  relative  position  is  very 
different 

The  mandible  or  lower  jaw  consists  of  a  right  and  left 
ramus ;  their  union  by  a  ligament  in  front  is  called  symphysis. 
Each  ramus  is  formed  of  several  pieces ;  that  which,  by  a 
sigmoid  concavity  articulates  with  the  quadrate,  is  the 
articulary  bone  (35) ;  it  sends  upwards  a  coronoid  process,  to 
which  a  ligament  from  the  maxillary  and  the  masticatory 
muscles  are  attached;  and  forwards  a  long-pointed  process, 
to  be  sheathed  in  the  deep  notch  of  the  anterior  piece.  A 
small  separate  piece  (36)  at  the  lower  posterior  angle  of  the 
mandible  is  termed  arupdar.  The  largest  piece  (34)  is  tooth- 
bearing,  and  hence  termed  dentary ;  at  its  inner  surface  it  is 
always  deeply  excavated,  to  receive  a  cylindrical  cartilage, 
called  MeckeCs  cartilage,  the  remains  of  an  embryonic  con- 
dition of  the  jaw,  the  articulary  and  angular  being  but  ossified 
parts  of  it.  In  other  Teleostei  this  number  is  still  more  in- 
creased by  a  splenial  and  other  bones. 

The  infraorbital  ring  of  bones  (Fig.  23,  ^^)  consists  of 
several  (four)  pieces,  of  which  the  anterior  is  the  largest,  and 
distinguished  as  prceorbital. 

The  so-called pra^erculum  (30)  belongs  rather  to  the  bones 
of  the  suspensorium  of  the  mandible,  presentiy  to  be  described, 
than  to  the  opercles  proper.  It  is  narrow,  strong,  angularly 
bent,  so  as  to  consist  of  a  vertical  and  horizontal  limb,  with 
an  incompletely  closed  canal  running  along  both  limbs.  As 
it  is  quite  a  superficial  bone,  and  frequentiy  armed  with 
various  spines,  its  form  and  configuration  form  an  important 
item  in  the  descriptive  details  of  many  fishes. 

The  principal  piece  of  the  gill-cover  is  the  operculum  (28), 
triangular  in  shape,  situated  behind,  and  movably  united 
with,  the  vertical  limb  of  the  praeoperculum.    There  is  an 
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aiy  cavity  at  its  upper  anterior  angle  for  its  junction 
ihe  hyomandibnlar.  The  oblong  lamella  below  the 
Imn  is  the  suboperculum  (32),  and  the  one  in  front  of 
.tter,  below  the  horizontal  limb  of  the  prseoperculum, 
inierapercuium  (33),  which  is  connected  by  ligament 
he  angular  piece  of  the  lower  jaw,  and  is  also  attached 
outer  face  of  the  hyoid,  so  that  the  gill-covers  cannot 
r  shut  without  the  hyoid  apparatus  executing  a  corre- 
ng  movement 

e  chain  of  flat  bones  which,  after  the  removal  of  the 
ral  muscles,  appear  arranged  within  the  inner  concavity 
praeoperculum  (Fig.  24),  are  comprised  with  the  latter 
the  common  name  of  mandibulary  suspensorium.  They 
5t  the  mandible  with  the  cranium.  The  uppermost,  the 
fanic  or  hyomandibular  (23),  is  articulated  by  a  double 
ary  head  with  the  mastoid  and  posterior  frontaL  An- 
uticulary  head  is  destined  for  the  opercular  joiat.  The 
mpanie  or  symplectic  (31)  appears  as  a  styliform  prolonga- 
f  the  lower  part  of  the  hyomandibular ;  is  entirely 
ginous  in  the  young,  but  nearly  entirely  ossified  in  the 
The  position  of  this  bone  is  noteworthy,  because, 
ly  inwards  of  its  cartilaginous  jimction  with  the  hyo- 
bular,  there  is  situated  the  uppermost  piece  of  the 
arch,  the  stylo-hyal.  The  next  bone  of  the  series  is  the 
ipanie  or  metapterygoid  (27),  a  flat  bone  forming  a  bridge 
Is  the  pterygoid,  and  not  rarely  absent  in  the  teleosteous 
iss.  Finally,  the  large  triangular  hypotympanic  or 
tU  (26)   has  a   large  condyle   for   the   mandibulary 

e  palatine  arch  (Fig.  26)  connects  the  suspensorium  with 
iterior  extremity  of  the  skull,  and  is  formed  by  three 
:  the  erUopterygoid  (25),  an  oblong  and  thin  bone  attached 
inner  border  of  the  palatine  and  pterygoid,  and  increas- 
:e  surfetce  of  the  bony  roof  of  the  mouth  towards  the 
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median  line ;  it  constitutes  also  the  floor  of  the  orbit.  The 
pterygoid  (24)  (or  os  transversuvi)  starts  from  the  quadrate,  and 
is  joined  by  suture  to  the  palatine,  which  is  toothed,  and 
reaches  to  the  vomer  and  anterior  frontal. 

In  the  occipital  region  there  are  distinguished  the  had- 
occipital  (5),  readily  recognised  by  the  conical  excavation  corre- 
sponding and  similar  to  that  of  the  atlas,  with  which  it  is 
articulated  through  tlie  intervention  of  a  capsule  jBlled  with  a 
gelatinous  substance  (the  remains  of  the  notochord) ;  the  esD- 
occipitah  (10),  articulated,  one  on  each  side,  to  the  basioocipital, 
and  expanding  on  the  upper  surface  of  that  bone,  ao  as  to 
meet  and  support  the  spinal  column;  a  superficial  thin 
lamella  (13),  suturally  connected  with  the  exoccipitalg,  not 
constant  in  fishes,  and  erroneously  believed  by  Cuvier  to  be  the 
petrosal  {os  petrosum)  of  higher  a.nimala ;  further,  the  paroeei- 
pitals  (9),  which  are  wedged  in  between  the  exoccipitals  and 
supraoccipital.  This  last  bone  (8)  forms  the  key  of  the  arch 
over  the  occipital  foramen,  and  raises  a  strong  high  crest  from 
the  whole  length  of  its  mesial  line ;  a  transverse  supraocci- 
pital ridge,  coming  from  each  side  of  the  base  of  this  spine 
runs  outwards  laterally  to  the  external  angles  of  the  bone 
The  supraoccipital  sep£u:ates  the  parietals,  and  forms  a  suture 
with  the  frontals. 

In  front  of  the  basioccipital  the  base  of  the  skull  is  formed 
by  the  basisphenoid  (parasplienoid  of  Huxley)  (6).  This  verj 
long  and  narrow  bone  extends  from  the  basioccipital  beyond 
the  brain-capsule  to  between  the  orbits,  where  it  forms  the 
support  of  the  fibro-membranous  interorbital  septunL  Ante- 
riorly it  is  connate  with  another  long  hammer-shaped  bone  (16) 
the  vomer,  the  head  of  which  marks  the  anterior  end  of  th( 
palate,  and  is  beset  with  teeth.  The  alisphenoids  (11)  are  shorl 
broad  bones,  rising  from  the  basisphenoid;  their  posterio] 
margins  are  suturally  connected  with  the  anterior  of  the  basi- 
and  ex-occipitals. 


SKELETON.  57 

The  formation  of  the  posterior  part  of  the  side  of  the  skull 
Ls  completed  by  the  mastoid  and  parietal  bones.     The  fonner 
( 12)  projects  outwards  and  backwards  farther  than  the  paroc- 
cipital,  forming  the  outer  strong  process  of  the  side  of  the 
cranium.     This  process  lodges  on  its  upper  surface  one  of  the 
main  ducts  of  the  muciferous  system,  and  affords  the  base 
of  articulation  to  a  part  of  the  hyomandibular.     Its  extre- 
^ty  gives  attachment  to  the  strong  tendon  of  the  dorso- 
lateral muscles  of  the  trunk.    The  parietals  (7)  are  flat  bones, 
of  comparatively  much  smaller  extent  than  in  higher  Verte- 
brates, and  separated  from  each  other  by  the  anterior  prolonga- 
tion of  the  supra-occipitaL 

The  anterior  wall  of  the  brain-capsule  (or  the  posterior  of 
the  orbit)  is  formed  by  the  orbitosphenoids  (14),  between  which, 
superiorly,  the  olfactory  nerves,  and  inferiorly,  the  optic,  pass 
out  of  the  craniimi.  In  addition  to  this  paired  bone,  the 
Perch  and  many  other  fishes  possess  another  single  bone  (15), — 
the  08  sphenoideum  anteritis  of  Cuvier,  ethmoid  of  Owen,  and 
hsisphenoid  of  Huxley ;  it  is  Y-shaped,  each  lateral  branch 
being  connected  with  an  orbitosphenoid,  whilst  the  lower 
branch  rests  upon  the  long  basal  bone. 

A  cartilage,  the  substance  of  which  is  thickest  above  the 
vomer,  and  which  extends  as  a  narrow  stripe  along  the  inter- 
orbital  septum,  represents  the  ethmoid  of  higher  Vertebrata ; 
the  olfactory  nerves  run  along,  and  finally  perforate  it. 

There  remain,  finally,  the  bones  distinguishable  on  the 

Qpper  surface  of  the  skull;  the  largest,  extending  from  the  nasal 

cavities  to  the  occipital,  are  the  frontal  bones  (1),  which  also 

form  the  upper  margin  of  the  orbit    The  postfrontaU  (4)  are 

small  bones  placed  on  the  supero-posterior  angle  of  the  orbit, 

and  serving  as  the  point  from  which  the  infraorbital  ring  is 

suspended.    The  prefrontah  (2),  also  small,  occupy  the  anterior 

maigin  of  the  orbit.    A  pair  of  small  tubiform  bones  (20),  the 

tuHnnals,  occupy  the  foremost  part  of  the  snout,  in  front  of 
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the  frontals,  and  are  separated  from  each  other  by  intervening 
cartilage. 

After  removal  of  the  gill-cover  and  mandibulary  snspen- 
sorium,  the  hyoid  arch,  which  encloses  the  branchial  apparatus, 
and  farther  behind,  the  humeral  arch  are  laid  open  to  view 
(Fig.  25).  These  parts  can  be  readily  separated  from  the 
cranium  proper. 

The  hyoid  arch  is  suspended  by  a  slender  styliform  bone, 
the  stylohyal  (29),  from  the  hyomandibulars;  it  consists  of  three 
segments,  the  epihycU  (37),  ceratohyal  (38),  which  is  the  longest 
and  strongest  piece,  and  the  lasihyal,  which  is  formed  by  two 
juxtaposed  pieces  (39,  40).  Between  the  latter  there  is  a 
median  styliform  ossicle  (41),  extending  forwards  into  the  sub- 
stance of  the  tongue,  called  glossohyal  or  os  linguale;  and  below 
the  junction  of  the  two  hyoid  branches  there  is  a  vertical  single 
bone  (42),  expanded  along  its  lower  edge,  which,  connected  by 
ligament  with  the  anterior  extremity  of  the  humeral  arch, 
forms  the  isthmvs  separating  the  two  gill-openings.  This 
bone  is  called  the  urohyal.  Articulated  or  attached  by  liga- 
ments to  the  epihyal  and  ceratohyal  are  a  number  of  sword- 
shaped  bones  or  rays  (43),  the  branchiastegals,  between  which 
the  branchiostegal  membrane  is  extended. 

The  branchial  arches  (Figs.  25  and  27)  are  enclosed  within 
the  hyoid  arch,  with  which  they  are  closely  connected  at  the 
base.  They  are  five  in  number,  of  which  four  bear  giUs,  whilst 
the  fifth  (56)  remains  dwarfed,  is  beset  with  teeth,  and  called  the 
lower  pharyngeal  bone.  The  arches  adhere  by  their  lower  ex- 
tremities to  a  chain  of  ossicles  (53,  54, 55),  hasibranchialSy  and, 
curving  as  they  ascend,  nearly  meet  at  the  base  of  the  cranium, 
to  which  they  are  attached  by  a  layer  of  ligamentous  and 
cellular  tissue.  Each  of  the  first  three  branchial  arches  consists 
of  four  pieces  movably  connected  with  one  another.  The 
lowest  is  the  hypdbranchiai  (57),  the  next  much  longer  one  (58) 
the  ceratobranchial,  and,  above  this,  a  slender  and  a  short 
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irregularly-shaped  epibraTtchiai  (61).  In  the  fourth  arch  the 
hjpobranchial  is  absent  The  uppermost  of  these  segments 
(62),  especially  of  the  fourth  arch,  are  dilated,  and  more  or  less 
confluent ;  they  are  beset  with  fine  teeth,  and  generally  dis- 
tinguished as  the  upper  pharyngeal  hones.  Only  the  cerato- 
branchial  is  represented  in  the  fifth  arch  or  lower  pharyngeal. 
On  Hieir  outer  convex  side  the  branchial  segments  are 
grooved  for  the  reception  of  laige  blood-vessels  and  nerves ;  on 
the  inner  side  they  support  homy  processes  (63),  called  the 
gUJrrakers^  which  do  not  form  part  of  the  skeleton. 

The  scapular  or  humeral  arch  is  suspended  from  the  skull 
by  the  {suprascapula)  post-temporal  (46),  which,  in  the  Perch, 
is  attached  by  a  triple  prong  to  the  occipital  and  mastoid  bones. 
Then  follows  the  (scapula)  supraclavictUa  (47),  and  the  arch  is 
completed  below  by  the  union  of  the  large  {coracoid)  dam- 
cda  (48)  with  its  fellow.    Two  flat  bones  (51,  52),  each  with 
a  vacuity,  attached  to  the  clavicle  have  been  determined  as 
the  {radius  and  ulna)  coracoid  and  scapida  of  higher  verte- 
brates, and  the  two  series  of  small  bones  (53)  intervening 
between  the  forearm  and  the  fin  as  carpals  and  m^tcLcarpals. 
A  two-jointed  appendage  the  {epicoracoid)  post-clavicula,  is 
attached  to  the  clavicle:  its  upper  piece  (49)  is  broad  and 
Jamelliform,  its  lower  (50)  styliform  and  pointed. 

The  ventral  fins  are  articulated  to  a  pair  of  flat  triangular 
bies,  the  pubic  bones  (80). 

The  bones  of  the  skull  of  the  fish  have  received  so  many 

different  interpretations  that  no  two  accounts  agree  in  their 

flomenelature,  so  that  their  study  is  a  matter  of  considerable 

difficulty  to  the  beginner.    The  following  synonymic  table  will 

tend  to  overcome  difficulties  arising  from  this  cause ;  it  contains 

the  terms  used  by  Cuvier,  those  introduced  by  Owen,  and  finally 

the  nomenclature  of  Stannius,  Huxley,  and  Parker.    Those 

adopted  in  the  present  work  are  printed  in  italics.    The 
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numbers  refer  to  the  figures  in  the  accompanying  woodcuts 
(Figs.  23-27). 


Owner, 

Owen, 

Stannius, 

Huadey,  Par1»t  ^ 

1. 

Frontal  principal 

Frontal 

Os  frontale 

2. 

FrontAl  ant^rienr 

Prefrontal 

Os  frontale 
anterius 

Lateral  ethmoic'' 
(Parker) 

8. 

Ethmoid 

Nasal 

Os  ethmoideom 

4. 

Frontal  post^rieor 

Post/rontal 

Os  frontale 
posterius 

Spbenotic 
(Pu^er) 

5. 

BaMlaire 

BagioceipUal 

Os  basilare 

6. 

Sph^noide 

Basisphenoid 

Os  sphenoideum 
basilare 

Sometimesrefeir 
to  SB ''Battd  ' 

7. 

Parietal 

Parietal 

Os  parietale 

8. 

Interparietal  or  occi 
pital  sup^rieure 

'  Supraocetpital 

Os  occipitale 
superius 

9. 

Occipital  ezteme 

ParoccipiteU 

Os  occipitale 
externum 

Epioticum 
(Huxley) 

10. 

Occipital  lateral 

ExoccipUal 

Os  occipitale 
laterale 

11. 

Grande  aile  da 
aph^noide 

Aliaphenoid 

Ala  temporalis 

Prooticum 
{Huxley) 

12. 

Mastoidien 

Mastoid              < 

Ds  mastoideum 

f  ^  .   .     . 

+  osextrascapnlare  \  ^i^thoticom' 

18. 

Rocher 

Petrosal  and 

Oberflachliche 

^     -^  jsquamom 

Otosteal 

Knochen-lamelle  I     KOTOiej) 

14. 

Aile  orbitaire 

OrbOoaphenoiA 

Ala  orbitalis 

Alisphenoid 
(Huxley) 

16. 

Sphenoide  ant^rieur 

Ethmoid  and 

Os  spbenoidemn 

Bansphenoid 

Ethmotiirbinal 

anterius 

(Huxley) 

16. 

Vomer 

Vomer 

Vomer 

17. 

Intermazillaire 

Inter-  or  Pre- 
maxillary 

Os  intermazillarc 

> 

18. 

Maxillaire  sup^rieur 

Maxillary 

OsmaxiUare 

19. 

SouBorbitaires 

Infraorbital  ring  Ossa  infraorbitalia 

20. 

Nasal 

TurbinaZ 

Os  terminale 

22. 

Palatine 

Palatin 

Os  palatinum 

28. 

Temporal 

Epitympanic 

Os  temporale 

JlyonuMndibulaiB 
(Huxley) 

24. 

Transverse 

Pterygoid 

Os  transversum 

s.  pterygoidenm 

externum 

25. 

Pterygoidien  interne 

Entopterygoid 

Os  pterygoidenm 

Mesoptetygoid 
(PArker) 

26. 

Jngal 

H3rpot3rmpanic 

Os  quadratojugale  Quadrate  (HqxI 

27. 

Tympanal 

Pretympanic 

Os  tympanicum 

Metapterygoid 
(Huxley) 

1  Pterotic  of  Parker. 
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Owner, 

28.  OpercoLure 

29.  Styloide 

80.  Pr^opercale 

81.  Symplectiqae 
81  SoQaopercule 
88.  Interopercale 
3i  Dentaire 

85.  Aiticalaire 

86.  Angalaire 

87.  j  Gnndes  pieces 

88.  I    kt^ndes 

89.  I  Petites  pieces 

40.  I     Utendes 

41.  Oslingaal 


(hcen. 

Operculum 

Stylohyal 

Pnxopercvium 

Mesotympanic 

Svbopercuhim 

IfUeroperculum 

BeiUavy 

Artieulary 

Anffvlar 

Epihyal 

CercUahycU 

Bcuihyal 

OUmohyal 


42.  Queue  de  Tos  hyoide     Urohyal 

43.  BajoD  branchiost^ge    BranchiosUgal 


4«. 
47. 

48. 
49. 
SO. 
61. 
51 


Soncapnlaire 

Sctpolaire 

Humeral 
jConooid 

Cabital 
Badial 


Osdacarpe 


Sapraacapola 

Scapula 

Coracoid 
Epicoracoid 

Radius 
Ulna 

Carpals 


57. 


58. 
59. 


61 

61 

68. 
65. 


Pharyngiens  inf^rieurs  Lower 

PharyngeaU 

Piece  interne  de  partie  HypobranchuU 

inferienre  de  Taroeaa 

branchiale 
Pike  exteme    ,, 
Stylet  de  prSmi^re 

arcean  branchiale 


Stamnius,         JIuxley,  Parker,  etc. 

Operculum 
Os  styloideum 
PrsBoperculum 
08  symplecticum 
Suboperculum 
Interoperculum 
Os  dentale 
Os  articulare 
Osangulare 

Segmente  der  • 

Zungenbein- 
Schenkel 


Oslinguale  s. 
entoglossum 


•Radii  branchio- 

stegi 
Omolita 

Scapula 

Clavicula 

I  Ossa  carpi 
Ossa  metacarpi 


Basibrancbiostegal 
(Parker) 


Post-temporal 

(Parker) 
Supraclavieula 

(Parker) 
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CHAPTER  IV. 

MODIFICATIONS  OF  THE  SKELETON. 

The  lowennost  sub-class  of  fiahea,  which  comprises  one 
fonn  only,  the  Laacelet  (Branckiottoma  [a.  Amphi4xms}  laneeo- 
iiid"!!,  possesses  the  skeleton  of  the  most  primitive  type. 


Fig.  28. — BnnchioBtoma  Unceolatom. 
a,  Uonth  ;  b,  Vsnt ;  e,  sbdominal  ponu. 

"t  vertebral   column   is  lepreseuted  by  a  simple   chorda 


Tig.  20. — Anterior  en^  of  bod;  of  BnncbioitoDU  (mago.) 

i.  Chorda  dorulii ;  e,  BpiniJ  chord  ;  /,  Csrtilogiiioiu  rod« ;  g,  Eje ; 

A,  BnnchUl  rod* ;  i,  Imbiii  cartilage ;  t.  Oral  clirhi. 

^onalit  or  notochord  only,  which  extends  from  one  extremity 
of  the  fish  to  the  other,  and,  bo  fat  from  being  expanded  into 
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a  cranial  cavity,  it  is  pointed  at  its  anterior  end  as  well  as  at 
its  posterior.  It  is  enveloped  in  a  simple  membrane  like  the 
spinal  chord  and  the  abdominal  organs,  and  there  is  no  trace 
of  vertebral  segments  or  ribs ;  however,  a  series  of  short  carti- 
laginous rods  above  the  spine  evidently  represent  apophyses. 
A  maxillary  or  hyoid  apparatus,  or  elements  representing 
limbs,  are  entirely  absent. 

[J.  Miiller,  Ueber  den  Baa  nnd  die  LebenseTSclieinimgen  des  BranehiO' 
atoTna  lubricuin,  in  AbliandL  Ak.  Wiss.  Berlin,  1844.] 

The  skeleton  of  the  Cydostomata  (or  Marsipobranchii) 
(Lampreys  and  Sea-hags)  shows  a  considerable  advance  of 
development  It  consists  of  a  notochord,  the  anterior  pointed 
end  of  which  is  wedged  into  the  base  of  a  cranial  capsule, 
partly  membranous  partly  cartilaginous.  This  skull,  there- 
fore, is  not  movable  upon  the  spinal  column.  No  vertebral 
segmentation  can  be  observed  in  the  notochord,  but  neural 
arches  are  represented  by  a  series  of  cartilages  on  each  side 
of  the  spiual  chord.  In  Petromyzon  (Fig.  30)  the  basis  cranii 
emits  two  prolongations  on  each  side :  an  inferior,  extending  for 
some  distance  along  the  lower  side  of  the  spinal  column,  and 
a  lateral,  which  is  ramified  into  a  skeleton  supporting  the 
branchial  apparatus.  A  stylohyal  process  and  a  subocular 
arch  with  a  palato-pterygoid  portion  may  be  distinguished. 
The  roof  of  the  cranial  capsule  is  membranous  in  Myodne  and 
in  the  larvae  of  Petromyzon,  but  more  or  less  cartilaginous  in 
the  adult  Petromyzon  and  in  Bdellostoma.  A  cartilaginous 
capsule  on  each  side  of  the  hinder  part  of  the  skull  contains 
the  auditory  organ,  whilst  the  olfactory  capsule  occupies  the 
anterior  upper  part  of  the  roof.  A  broad  cartilaginous  lamina, 
starting  from  the  cranium  and  ov^rlying  part  of  the  snout, 
has  been  determined  as  representing  the  ethmo-vomerine 
elements,  whilst  the  oral  organs  are  supported  by  large,  very 
peculiar  cartilages  (lahials),  greatly  diflfering  in  general  con- 
figuration and  arrangement  in  the  various  Cyclostomes.  There 
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are  three  in  the  Sea-lamprey,  of  which  the  middle  one  is 
joined  to  the  palate  by  an  intermediate  smaller  one ;  the  fore- 


F%  M.— Upper  (A>  u)d  aide  <B>  vievs,  and  vertical  sectioa  (C)  of  the  skull  of 

Pctromi/ton  marinua. 
<S  ICotocboid ;  b,  Baaii  cnuii ;  c.  Inferior,  and  d.  Lateral  procaas  o[  basia ;  e, 
Anditory  capsule  ;  /,  aobocalnr  arch  ;  g,  Stylohjal  process  ;  h.  Olfactory 
cipmil*  !  I,  Ethmo-Tomerine  plate  ;  k,  Palato-pterygoid  portion  ot  anbociiUr 
urh  ;  l-»,  Acceesorj  labial  or  roatral  cartilagea  ;  vith  o,  appendage ;  p, 
liagaal  cartilage  ;  q,  neural  aicliei ;  r,  Branchial  akeletoa  ;  a,  Blind  termina. 
tiou  of  the  nuai  duct  between  the  notochord  and  ceaoplmgiu. 

most  is  ring-like,  tooth-bearing,  emitting  on  each  side  a  styli- 
form  process.   The  lingual  cartilage  is  large  in  all  Cyclostomes. 
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There  is  no  trace  of  ribs  or  limbs. 

[J.  MiiUer,  Yeigleichende  Anatomie  der  MyxinoideiL     Enter  Theil 
Oateologie  and  Myologie,  in  AbhandL  Ak.  Wise.  Berlin,  1835.] 

The  Chondropterygians  exhibit  a  most  extraordinary  diver- 
sity in  the  development  of  their  vertebral  column;  almost 
every  degree  of  ossification,  from  a  notochord  without  a  trace 
of  annular  structure  to  a  series  of  completely  ossified  vertebrae 
being  found  in  this  order.  Sharks,  in  which  the  notxh 
chord  is  persistent,  are  the  Holocephodi  (if  they  be  reckoned 
to  this  order,  and  the  genera  Notidarms  and  EMTuyrhinni). 
Among  the  first,  Chinuera  monstrosa  begins  to  show  traces  of 
segmentation ;  but  they  are  limited  to  the  outer  sheath  of  the 
notochord,  in  which  slender  subossified  rings  appear.  In 
Notidanus  membranous  septa,  with  a  central  vacuity,  cross 
the  substance  of  the  gelatinous  notochord.  In  the  other 
Sharks  the  segmentation  is  complete,  each  vertebra  having  a 
deep  conical  excavation  in  front  and  behind,  with  a  central 


Fig.  81. — Heterocercal  TaU  of  Centrina  salTiani. 
a,  Vertebne ;  5,  Neurapophyses ;  e,  Hiemapophyses. 

canal  through  which  the  notochord  is  continued;  but  the 
degree  in  which  the  primitive  cartilage  is  replaced  by  con- 
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centric  or  ladiatiug  lamellae  of  bone  varies  greatly  in  the 
various  genera,  and  according  to  the  age  of  the  individuals. 
In  the  Kaya  all  Uie  vertebne  are  completely  ossified,  and  the 
anterior  ones  confluent  into  one  continuous  mass. 

In  the  majority  of  Chondropterygians  the  extremity  of  the 
vertebral  column  shows  a  decidedly  heterocercal  condition 
(Fig.  31),  and  only  a  few,  like  SgueUitia  and  some  Says,  possess 
a  diphycercal  taiL 

The  advance  in  the  development  of  the  skeleton  of  the 
Chondropterygians  beyond  the  primitive  condition  of  the  pre- 
viona  sub-classes,  manifeste  itself  further  by  the  presence  of 
neural  and  hfemal  elements,  which  extend  to  the  foremost 
put  of  the  axial  column,  but  of  which  the  hcemal  form  a 
closed  arch  in  the  caudal  r^on  only,  whilst  on  the  trunk 
they  appear  merely  as  a  lateral  longitudinal  ridga 

The  neural  and  heemal  apophyses  are  either  merely 
attached  to  the  axis,  as  in  Chondropterygians  with  per- 
sistent notochord,  the  Kays  and  some  Sharks ;  or  their  basal 


Fig.  82.  Fig.  83.  Fig.  3*. 

Fig.  82. — Latent  raw.  Fig.  33. — LongitadiL«l  section.  Fig.  31.— TraniTeiM 
•KtioD  of  Ckudal  Tertebn  of  BulUng  Shark  {Selache  maiinin).  (After  Hum.) 
1,  Centrnin  ;  b,  Nennpopliyaia  ;  e,  Intercrora!  cartilage  ;  d,  Hcnrnpophysii ;  t, 
Spina]  ouial  1 /,  iDterrertebrat  cavity  ;  tf,  Central  canal  for  persigtent  portion  of 
DOtoctiard ;  A,  Hsmal  canala  for  b1ood'Tfl8a«1a. 

portions  penetrate   like   wedges   into   the  substance  of  the 
centnun,  so  that,  in  a  transverse  section,  in  conseq^iience  of 
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the  difference  in  their  texture,  they  appear  in  the  form  of 
an  X.^  The  interspaces  between  the  nenrapophyses  of  the 
vertebrae  are  not  filled  by  fibrous  membrane,  as  in  other 
fishes,  but  by  separate  cartilages,  lamincc  or  cartUagines 
intercrurales,  to  which  frequently  a  series  of  terminal  pieces 
is  superadded,  which  must  be  regarded  as  the  first  appear- 
ance of  the  intemeural  spines  of  the  Teleostei  and  many 
Ganoids.  Similar  terminal  pieces  are  sometimes  observed  on 
the  haemal  arches.  Bibs  are  either  absent  or  but  imperfectly 
represented  (Careharias). 

The  substance  of  the  skull  of  the  Chondropterygians  is 
cartilage,  interrupted  especially  on  its  upper  surface  by  more 
or  less  extensive  fibro-membranous  fontanelles.  Superficially 
it  is  covered  by  a  more  or  less  thick  chagreen-like  osseous 
deposit.  The  articulation  with  the  vertebral  column  is 
effected  by  a  pair  of  lateral  condyles.  In  the  Sharks,  be- 
sides, a  central  conical  excavation  corresponds  to  that  of  the 
centrum  of  the  foremost  vertebral  segment,  whilst  in  the 
Eays  this  central  excavation  of  the  skull  receives  a  condyle 
of  the  axis  of  the  spinous  column. 

The  cranium  itself  is  a  continuous  undivided  cartilage, 
in  which  the  limits  of  the  orbit  are  well  marked  by  an 
anterior  and  posterior  protuberance.  The  ethmoidal  region 
sends  horizontal  plates  over  the  nasal  sacs,  the  apertures  of 
which  retain  their  embryonic  situation  upon  the  under 
surface  of  the  skidl.  In  the  majority  of  Chondroptery- 
gians these  plates  are  conically  produced,  forming  the  base 
of  the  soft  projecting  snout ;  and  in  some  forms,  especially 
in  the  long-snouted  Eays  and  the  Saw-fishes  (Pristis)  this 
prolongation  appears  in  the  form  of  three  or  more  tubiform 
rods. 

^  (7.  ffasse  has  studied  the  modifications  of  the  texture  of  the  vertebne 
and  the  stnictnre  of  the  Chondropterygian  skeleton  generaUy,  and  shown  that 
they  correspond  in  the  main  to  the  natural  groups  of  the  system,  and,  conse- 
quently, that  they  offer  a  yaluable  guide  in  the  determination  of  fossil  remains. 
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As  8ei>arate  cartilages  there  are  appended  to  the  skuU  a 
suspensorium,  a  palatine,  mandible,  hyoid,  and  rudimentary 
maxillary  elements. 

The  suspensorium  is  movably  attached  to  the  side  of  the 

skulL     It  generally  consists  of  one  piece  only,  but  in  some 

Bays  of  two.    In  the  Eays  it  is  articulated  with  the  mandible 

only,  their  hyoid  possessing  a  distinct  point  of  attachment  to 

the  skidL     In  the  Sharks  the  hyoid  is  suspended  from  the 

lower  end  of  the  suspensorium  together  with  the  mandible. 

What  is  generally  called  the  upper  jaw  of  a  Shark  is,  as 
Cuvier  has  already  stated,  not  the  maxillary,  but  palatine. 
It  consists  of  two  simple  lateral  halves,  each  of  which  articu- 
lates with  the  corresponding  half  of  the  lower  jaw,  which  is 
fonned  by  the  simple  representative  of  Meckel's  cartilage. 

Some  cartilages  of  various  sizes  are  generally  developed 
on  each  side  of  the  palatine,  and  one  on  each  side  of  the 
Diandible.  They  are  called  labial  cartilages,  and  seem  to 
represent  maxillary  elements. 

The  hyoid  consists  generally  of  a  pair  of  long  and  strong 
lateral  pieces,  and  a  single  mesial  piece.  From  the  former 
^ilaginous  filaments  (representing  branchiostegals)  pass 
^tly  outwards.  Branchial  arches,  varying  in  number, 
*Qd  similar  to  the  hyoid,  succeed  it.  They  are  suspended 
^m  the  side  of  the  foremost  part  of  the  spinous  column,  and, 
lie  the  hyoid,  bear  a  number  of  filaments. 

The  vertical  fins  are  supported  by  intemeural  and  inter- 
^msl  cartilages,  each  of  which  consists  of  two  and  more 
pieces,  and  to  which  the  fin-rays  are  attached  without  articu- 
lation. 

The  scapular  arch  of  the  Sharks  is  formed  by  a  single 
coracoid  cartilage  bent  from  the  dorsal  region  downwards  and 
forwards.  In  some  genera  {Set/Ilium^  Squatind)  a  small  sepa- 
rate scapular  cartilage  is  attached  to  the  dorsal  extremities 
of  the  coracoid;  but  in  none  of  the  Elasmobranchs  is  the 
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scapular  arch  suspended  from  the  skull  or  vertebral  colunm ; 
it  is  merely  sunk,  and  fixed  in  the  substance  of  the  muscles. 
Behind,  at  the  point  of  its  greatest  curvature,  three  carpal 
cartilages  are  joined  to  the  coracoid,  which  G^genbaur  has 
distinguished  as  propterygium,  mesopterygivm,  and  metaptery- 
gium,  the  former  occupying  the  front,  the  latter  the  hind 
margin  of  the  fin.  Several  more  or  less  regular  transverse 
series  of  styliform  cartilages  follow.  They  represent  the 
phalanges,  to  which  the  homy  filaments  which  are  imbedded 
in  the  skin  of  the  fin  are  attached. 

In  the  Eays,  with  the  exception  of  Torpedo,  the  scapular 
arch  is  intimately  connected  with  the  confluent  anterior  por- 
tion of  the  vertebral  column*  The  anterior  and  posterior 
carpal  cartilages  are  followed  by  a  series  of  similar  pieces, 
which  extend  like  an  arch  forwards  to  the  rostral  portion  of 
the  skull,  and  backwards  to  the  pubic  region.  Extremely 
numerous  phalangeal  elements,  longest  in  the  middle,  are  sup- 
ported by  the  carpals,  and  form  the  skeleton  of  the  lateral 
expansion  of  the  so-called  disk  of  the  Eay's  body,  which  thus, 
in  fact,  is  nothing  but  the  enormously  enlarged  pectoral 
fin. 

The  ^pribic  is  represented  by  a  single  median  transverse 
cartilage,  with  which  a  tarsal  cartilage  articulates.  The  latter 
supports  the  fin-rays.  To  the  end  of  this  cartilage  is  also 
attached,  in  the  male  Chondropterygians,  a  peculiar  accessory 
generative  organ  or  clasper. 

The  Holocephali  differ  from  the  other  Chondropterygians 
in  several  important  points  of  the  structure  of  their  skeleton, 
and  approach  unmistakably  certain  Ganoids.  That  their 
spinal  column  is  persistently  notochordal  has  been  mentioned 
already.  Their  palatal  apparatus,  with  the  suspensorium, 
coalesces  with  the  skull,  the  mandible  articulating  with  a 
short  apophysis  of  the  cranial  cartilage.  The  mandible  is 
simple,  without  anterior  symphysis.    The  spine  with  which 
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the  dorsal  fin  is  armed  articulates  with  a  neural  apophysis, 
and  is  not  immovably  attached  to  it,  as  in  the  Sharks.  The 
pubic  consists  of  two  lateral  halves,  with  a  short,  rounded, 
tarsal  cartilage. 

The  skeleton  of  the  Ganoid  Fishes  offers  extreme  varia- 
tions with  regard  to  the  d^ree  in  which  ossifications  replace 
the  primordial  cartilage.    Whilst  some  exhibit  scarcely  any 
advance  beyond  the  Plagiostomes  with  persistent  cartilage, 
others  approach,  as  regards  the  development  and  specialisa- 
tioE  of  the  several  parts  of  their  osseous  framework,  the 
Teleosteans  so  closely  that  their  Ganoid    nature  can    be 
demonstrated  by,  or  inferred  fix)m,  other  considerations  only. 
All  Ganoids  possess  a  separate  gill-cover.^ 

The  diversity  in  the  development  of  the  Ganoid  skeleton 
is  well  exemplified  by  the  few  representatives  of  the  order  in 
the  existing  Fish-faima.  Lowest  in  the  scale  (in  this  respect) 
^  those  with  a  persistent  notochord,  and  an  atUostylic  skull, 
that  is,  a  skull  without  separate  suspensorium — the  fishes 
constituting  the  sub-order  Dipnoi,  of  which  the  existing  repre- 
sentatives are  Zqpidosiren,  Protopterus,  and  CercUodus,  and  the 
e^ct  (as  far  as  demonstrated  at  present)  IHpterus,  Chirodus 
(and  PhaneropUuron  f).  In  these  fishes  the  notochord  is 
persistent,  passing  uninterruptedly  into  the  cartilaginous  base 
®f  the  skulL  Only  now  and  then  a  distinct  vertical  segment- 
^on  occurs  in  the  caudal  portion  of  the  column,  but  it  does 
not  extend  to  the  notochord  itself,  but  indicates  only  the 
^ts  between  the  superadded  apophyseal  elements,  each 
i^eaial  being  confluent  with  the  opposite  haemal  Some  Dipnoi 
^  diphy-,  others  hetero-cercaL 

1  The  Ganoids  fonned  at  fonner  epoclis  the  largest  and  most  important 
order  of  fishes^  many  of  the  fossil  forms  being  known  from  very  imperfect 
nmains  only.  It  is  quite  possible  that  not  a  few  of  the  latter,  in  which 
nothing  whatever  of  the  (probably  very  soft)  endoskeleton  has  been  preserved, 
•hoold  have  to  be  assigned  to  some  other  order  lower  in  the  scale  of  organisa- 
tion than  the  Ganoids  (for  instance,  the  dphcUaapida), 
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Neural  and  haemal  elements  and  ribs  are  well  developed. 
In  Ceratodus  each  neurapophysis  consists  of  a  basal  cartila- 
ginous portion,  forming  an  arch  over  the  myelon,  and  of  a 
superadded  second  portion.  The  latter  is  separated  firom  the 
former  by  a  distinct  line  of  demarcation,  and  its  two  branches 
are  more  styliform,  cartilaginous  at  the  ends  and  in  the  centre, 
but  with  an  osseous  sheath,  and  coalesced  at  the  top,  forming 
a  gable  over  an  elastic  fibrous  band  which  runs  along  and 
parallel  to  the  longitudinal  axis  of  the  column  (Ligamentum 
longititdinale  mperivs).  To  the  top  of  this  gable  is  joined  a 
single  long  cylindrical  neural  spina  From  the  eleventh 
apophyseal  segment  a  distinct  intemeural  spine,  of  the  same 
structure  as  the  neural,  begins  to  be  developed,  and  farther  on 
a  second  intemeural  is  superadded.  Towards  the  extremity 
of  the  column  these  various  pieces  are  gradually  reduced  in 
size  and  number,  finally  only  a  low  cartilaginous  band  (the 
rudiments  of  the  neurapophysis)  remaining.  The  hamapophy- 
ses  are  in  form,  size,  and  structure,  very  similar  to  the  neura- 
pophyses ;  and  all  these  long  bones,  including  the  ribs,  have 
that  in  common,  that  they  consist  of  a  solid  rod  of  cartilage 
enclosed  in  a  bony  sheath,  which,  after  the  disappearance  or 
decomposition  of  the  cartilage,  appears  as  a  hollow  tube. 
Such  bones  are  extremely  common  throughout  the  order  of 
Ganoids,  and  their  remains  have  led  to  the  designation 
of  a  family  as  Ccelacanthi  {koCKos^  hollow;  and  ascavdo^, 
spine). 

The  primordial  cranium  of  the  Dipnoi  is  cartilaginous^ 
but  with  more  or  less  extensive  ossifications  in  its  occipital, 
bas8d,  or  lateral  portions,  and  with  large  t^umentary  bones, 
the  arrangement  of  which  varies  in  the  different  genera. 
There  is  no  separate  suspensorium  for  the  lower  jaw. 
A  strong  process  descends  from  the  cranial  cartilage,  and 
offers  by  means  of  a  double  condyle  (Fig.  35  s)  attach- 
ment to  corresponding  articulary  surfaces  of  the  lower  jaw. 


Fig.  86. 
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TtfftTillft.Ty  and  iBtermaxiUary  elements  are  not  developed, 
Imt,  perhaps,  represented  in 
Ceratodus  by  some  inconetant 
ndimentaiy  labial   cartilages 
Edtuated  behind  the  posterior 
mini  opening.    Facial  cartil- 
ages and  an  infraorbital  ring 
ue  developed  at  least  in  Cero- 
lodva.    The  presence  of  a  pair 
otmall  teeth  in  front  indicates 
the  vomerine  portion  (v)  which 
Moains  cartilage,  whilst  the 
pceterior  pair  of  teeth  are  im- 
[lanted  in  a  ptetygo-palatine 
•mification  (/),  which  some- 
times  is  paired,  sometimes  continuous.     The  base  of  the  skull 
ii  constantly  covered  by  a  large  basal  ossification  (o). 

The  hyoid  is  well  developed,  sometimes  reduced  to  a  pair 
of  ceiatohyals,  sometimes  with  a  basihjal  and  glossyhyaL 
The  BkeletoD  of  the  branchial  apparatus  approaches  the  Tele- 
'^tma  type,  leas  so  in  Zepidostren.  than  in  Ceratodus,  in  which 
fire  branchial  arches  are  developed,  but  with  the  lateral  and 
i>ieaal  pieces  reduced  in  number. 

A  large  operculum,  and  a  smaller  sub-  or  inter-operculum 
"e  present 

The  acapular  arch  consists  of  a  single  median  transverse 
ftilage,  and  a  pair  of  lateral  cartilages  which  bear  the 
liticular  condyle  for  the  pectoral  limb.  The  latter  cartilages 
^xa.  the  base  of  a  large  membraue-booe,  and  the  whole 
Bch  is  suspended  from  the  skull  by  means  of  an  osseous 
•iipraclavicle. 

The  fore-limb  of  the  Dipnoi  (Fig.  36)  differs  externally 
greatly  from  the  pect^iral  fin  of  other  Ganoid  fishes.  It  is 
covered  with  small  scales  along  the  middle,  from  the  root 
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to  ite  extremity,  and  suiroimded  by  a  tayed  Mnge  similar  to 
the  vertical  fin.  A  muscle  split  into 
numerous  faBcicleseztendsall  the  length 
of  the  fin,  which  ia  flexible  in  every  part 
and  in  every  direction.  The  cartilagin- 
oua  framework  supporting  it  is  joined  to 
the  scapular  arch  by  an  oblong  cartilage, 
followed  by  a  broad  basal  cartilage  (a), 
generally  sinj^e,  sometimes  showing 
traces  of  a  triple  division.  Along  the 
middle  of  the  fin  runs  a  jointed  axis  (i), 
the  joints  gradually  becoming  smaller 
and  thinner  towards  the  extremity; 
each  joint  bears  oq  each  side  a  three, 
two,  or  one-jointed  branch  (c,  d).  This 
ascial  arrangement  of  the  pectoral  skele- 
ton, which  evidently  lepresente  one  of 
its  first  and  lowest  coEditions,  has  been 
termed  Archipterygium  by  G^enbanr. 
It  ifi  found  in  Ceratodus  and  other 
genera,  but  in  Ztpidomren  the  jointed 
axis  only  has  been  preserved,  with  the 
addition  of  rudimentary  rays  in  Fro^ 
topteras. 

The  puftic  consists  of  a  single 
flattened  subquadrangular  cartilage,  produced  into  a  long 
single  anterior  process.  Posteriorly  it  terminates  on  each 
side  in  a  condyle,  to  which  the  basal  cartilage  of  the  ventral 
paddle  is  joined.  The  endoskeleton  of  the  paddle  is  almost 
identical  with  that  of  the  pectoral. 

■  The  Ganoid  fishes  with  persistent  notochord,  but  with  a 
hyostylic  skull  (that  is,  a  skull  with  a  separate  auspensorium) 
consist  of  the  aub-order  Chondrostei,  of  which  the  ft^iating 
representatives  are  the  Sturgeons  {Adpetuer,  Scaphirhyttchut, 
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Polyodon),  and  the  extinct  the  Chondrosteidte,  PaUeoniKideB, 
and  (according  to  Traquair)  PlatysomidcB. 

Their  spinal  column  does  not  differ  essentially  from  that 
of  the  Dipnoi  S^mentation  is  represented  only  as  far  as  the 
neval  and  heemal  elements  are  concerned.  All  are  eminently 
teterocercaL  Ribs  are  present  in  most,  but  replaced  by  liga- 
meats  in  Polyodon, 

The  primordial  craniiun  of  the  Stuigeons  consists  of  pei- 
tiateat  cartili^  without  ossifications  in  its  substance,  but 
superficial  bones  are  still  more  developed  and  specialised  than 
in  the  Dipnoi ;  so  it  is,  at  least,  in  the  true  Stuigeons,  but  less 
» in  Polyodon  (Fig.  37).  The  upper  and  lateral  parte  of  the 
dniU  aie  covered  by  well-developed  mimhrane  hones,  which, 


Fig.  S7.— Skull  of  PotyodoD  (alW  Traqiuir]. 
*i  RmI  OTit; ;    ■;,  •qounMftl ;   mh,    hf  omuidibiilmr  ;  ry,  lyniplectli: ;   pa, 
ptlito-ptOTgold ;  «,  Heclcetlui  uridlige ;   mz,  mnilliuy ;  d,  daotuy ;  ^ 
b^iid;  op,  opcrde;  br,  bnncluoitqfal ;  i.el,  lupra-clavicDlBr ;  p.el,  poat' 
cUticBlar ;  d,  cUiicle ;  iji,  iafra-eUncnlar. 

&tna  this  sub-order,  upwards  in  the  series,  will  be  found  to  exist 
fmm^iout  the  remaining  forms  of  fishes.  They  are  bones, 
the  origin  of  which  is  not  in  cartilage  but  in  membranous 
connective  tissue.  The  lower  surface  of  the  skull  is  covered 
b^au  extremely  laige  basal  bone,  which  extends  from  the 

vomerine  r^on  on  to  the  anterior  part  of  the  spinal  column. 

Hie  nasal  excavation  in  the  skull  is  rather  lateral  than  inferior. 

The  ethmoidal  r^on  is  generally  much  produced,  forming 
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the  base  of  the  long  projecting  snout.  The  snspeusorium  is 
tnovablj  attached  to  the  side  of  the  skull,  and  consists  of 
two  pieces,  a  hyomandibular  and  a  symplectic,  which  now 
appears  for  the  first  time  as  a  separate  piece,  and  to  whidi 
the  hyoid  is  attached.  The  palato-maxillaiy  apparatus  is 
more  complex  than  in  the  Sharks  and  Dipnoi;  a  palato- 
pterygoid  consists  of  two  mesially-connected  rami  in  Polt/odtm, 
and  of  a  complex  cartilaginous  disk  in  Aeipenser,  being  arti- 
culated in  both  to  the  Meckelian  cartilage.  In  addition,  the 
Sturgeons  possess  one  or  two  pairs  of  osseous  rods,  which,  in 
Polyodon  at  least,  represent  the  maxillary,  and  therefore  must 
be  the  representatives  of  the  labial  cartilages  of  the  ShaAa. 
The  Meckelian  cartil^e  is  more  or  less  covered  by  t^n* 
mentary  bones 

In  the  gill-cover,  besides  the  operoulum,  a  sub-  and  inter- 
opereulum  may  be  distinguished  in 
Adpenser. 

The  hyoid  consists  of  three  pieces, 
of  which  the  posterior  bears  a  broad 
branchiostegal  in  Polyodon. 

In  the  scapulary  arch  the  primordial 
cartilaginous  elements  scarcely  differ 
from  those  of  the  I>ipnoi.  The  mem- 
brane-bones are  much  expanded,  and 
offer  a  continuous  series  suspended  from 
the  skull.  Their  division  in  the  median 
ventral  line  is  complete. 

The  pectoral  is  supported  by  a  car- 
tilaginous framework  (Fig.  38)  smilar 
Eig.  38.— Fora-iimb  of    to  that  of  CtToiodus,  but  much  more 
shortened  and  reduced  in  its  periphety, 
the  branches  being  absent  altogether  on  one  side  of  the  axis. 
This  modification  of  the  fin  is  analogous  to  the  heterocercal 
condition  of  the  eud  of  the  spinous  column.    To  the  inner 
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comer  of  a  basal  cartilage  (a)  a  short  axis  (h)  is  joined, 

which  on  its  outer  side  bears  a  few  branches  (d)  only,  the 

remaining  branches  (c)  being  fixed  to  the  basal  cartilage. 

The  dermal  fin-rays  are  opposed  to  the  extremities  of  the 

branches,  as  in  the  Dipnoi. 

The  puhic  consists  of  a  paired  cartilage,  to  which  tarsal 
pieces  supporting  the  fin-rays  are  attached. 

The  other  living  Ganoid  fishes  have  the  spinous  column 
entirely  or  nearly  entirely  ossified,  and  have  been  comprised 
under  the  common  name  Holostd,  However,  they  form  three 
very  distinct  types;  several  attempts  have  been  made  to 
coordinate  with  them  the  fossil  forms,  but  this  task  is  beset 
with  extreme  difficulties,  and  its  solution  hitherto  has  not 
proved  to  be  satisfactory. 

ThePolypteroidei  have  their  spinous  column  formed  by  dis- 
tinct osseous  amphiccdovs  vertebrae,  that  is,  vertebrae  with 
concave  anterior  and  posterior  surfaces.  It  is  nearly  diphy- 
cercal;  a  slight  degree  of  heterocercy  obtains,  inasmuch  as 
the  last  vertebra  is  succeeded  by  a  very  thin  cartilaginous 
filament  which  penetrates  between  the  halves  of  one  of  the 
Diiddle  rays  of  the  terminal  fin.  The  rays  above  this  cartila- 
ginons  filament  are  articulated  to  intemeurals,  those  below 
lack  interluemals,  and  are  attached  either  to  the  hsemals  or 
vertebral  centres.  The  neural  arches,  though  ossified,  do  not 
coalesce  with  the  centrum,  and  form  one  canal  only,  for  the 
niyelon.  There  are  no  intermediate  elements  between  the 
neural  spines.     Intemeurals  developed,  but  simple,  articulat- 

« 

ing  with  the  dermoneurals.  The  abdominal  vertebrae  have 
parapophyses  developed  with  epipleural  spines.  Only  the 
candal  vertebrae  have  haemal  spines,  which,  like  the  inter- 
haEmak,  agree  in  every  essential  respect  with  the  opposite 
nenials.  Bibs  are  inserted,  not  on  the  parapophyses,  but  on 
the  centre,  immediately  below  the  parapophyses. 

The  sktUl  of  Polyptenis  (Fig.  39)  shows  a  great  advance 


toirards  the  Teleosteous  type,  the  number  of  Beparable  bo: 


Fig.  S9.— Skull  ot  Polnitenu.  (AfUir  Tnqtwlr.) 
Fig.  I.  Upper  upect  ot  the  Primordial  Cmtiam,  with  the  membnuie-bal 
nmoved.  Fig.  II.  Lover  upect  of  the  same.  Fig.  HI.  Side  view,  with  I 
membtane-boDeB.  Pig.  IV.  Lower  upect  of  the  Skull,  part  of  the  boi 
beiitg  removed  OB  one  side.  The  parts  shaded  with  oblique  liDea  are  cartOi 
ot  the  pritDQcdial  aknll. 
An,  A"g"'"' ;    ao,  anteorbital ;   Ar,  articulary ;   B,  baial ;    D,  dentaiy ; 
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ethmoid  ;  F^  frontal ;  Ma^  mastoid ;  Mp^  metapterygoid  ;  Mxy  maxillary ; 
JT,  nasal ;  0,  operculum ;  Oe^  occipital ;  Fa^  parietal ;  Pl^  palatine  ;  Pmx^ 
praemaxillary ;  /to,  postorbital ;  Prfy  prefrontal  ;  i%,  post-temporals ;  Ftf^ 
postfrontal ;  Ftr^  pterygoid ;  Q^  qnadrate  ;  Sj  suspensorium ;  So^  suboper- 
cnlnm ;  Sp^  sphenoid ;  Sjiy  splenial ;  Stt  snpratemporals ;  T,  tympanic 
lamina  ;  Tu,  tnrbinal ;  v,  vomer ;  x  x,  small  ossicles ;  a/  a/,  spiracolars. 

being  greatly  increased.    They  are  arranged  much  in  the  same 
fasliion  as  in  Teleostei    But  a  great  portion  of  the  primordial 
cranium  remains  cartilaginous.    The  membrane-bones  which 
cover  the  upper  and  lower  surfaces  of  the  brain-case  are  so  much 
developed  as  to  cause  the  underlying  cartilage  to  disappear, 
so  that  a  large  vacuity  or  fontanelle  exists  in  the  substance 
of  the  upper  as  well  as  lower  cartilaginous  walL     Of  ossifica- 
tions belonging  to  the  primordial  skuU  must  be  noticed  'the 
single  occipital  with  a  mastoid  on  each  side.     They  are  sepa- 
i^ted  by  persistent  cartilage  from  the  sphenoids  and  post- 
frontak ;  the  former,  which  are  the  largest  ossification  of  the 
primordial  cranium,  enclose  the  anterior  half  of  the  brain 
cavity.    Finally,  the  nasal  portion  contains  a  median  ethmoid 
^d  a  pair  of  prsBfrontal  bones. 

Only  a  very  small  portion  of  the  bones  described  are 
risible  externally,  nearly  the  whole  of  the  primordial  cranium 
^^eing  covered  by  the  membrane-bones.     Of  these  are  seen  on 
the  upper  surface  a  pair  of  parietals,  frontals,  "  nasals,"  and 
^binals ;  on  the  lower  surface  a  large  cross-shaped   basal, 
^teriorly  bordered  on  each  side  by  a  pterygoid,  parallel  to  a 
Palatine  which  forms  a  suture  with  the  double  vomer.    The 
^^nsorium  has  in  fix)nt  a  metapterygoid  and  quadrate 
l^ne,  and  an  operculum  and  suboperculum  are  attached  to  it 
lehinA 
f  Praemaxillaries  and  maxillaries  are  now  fully  developed, 

kat  immovably  attached  to  the  skull.  The  lower  jaw  is  ossi- 
fied, and  consists  of  an  articulary,  angular,  dentary,  and 
spleniaL  Of  labial  cartilages  a  rudiment  at  the  angle  of  the 
mouth  has  remained  persistent. 
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The  side  of  the  skull,  in  front  of  the  operculum,  is  covered 
by  a  large  irregularly-shaped  bone  {T)  (corresponding  to  the 
"  tympanic  lamina  "  of  CercUodtts,  Fig.  35,  q),  held  by  some  to 
be  the  praeoperculum ;  along  its  upper  circumference  lies  a 
series  of  small  ossicles,  of  which  two  may  be  distinguished 
as  spiraculars,  as  they  form  a  valve  for  the  protection  of  the 
spiracular  orifice  of  these  fishes.  An  infraorbital  ring  is  repre- 
sented by  a  prae-  and  post-orbital  only. 

Each  hyoid  consists  of  three  pieces,  none  of  which  bear 
branchiostegals,  the  single  median  piece  being  osseous  in  front 
and  cartilaginous  behind.  Four  branchial  arches  are  developed, 
the  foremost  consisting  of  three,  the  second  and  third  of  two, 
and  the  last  of  a  single  piece.  There  is  no  lower  pharyngeaL 
Between  the  rami  of  the  lower  jaw  the  throat  is  protected  by 
a  pair  of  large  osseous  laminae  {(pilar  plates),  which  have  been 
considered  to  represent  the  urohyal  of  osseous  fishes. 

The  scapulary  arch  is  almost  entirely  formed  by  the  well- 
developed  membrane-bones,  which  in  the  ventral  line  are 
suturally  united.  The  pectoral  fin  is  supported  by  three 
bones,  pro-,  meso-,  and  metapterygium,  of  which  the  dilated 
middle  one  alone  bears  rays,  and  is  excluded  from  the  articu- 
lation with  the  shoulder-girdle. 

The  pubic  consists  of  paired  bone,  to  which  tarsal  bones 
supporting  the  fin-rays  are  attached. 

In  the  Lepidosteoidei  the  vertebrae  are  completely  ossified, 
and  opisthoccelous,  having  a  convexity  in  front  and  a  concavity 
behind,  as  in  some  Amphibians.  Though  the  end  of  the  body 
extemaUy  appears  nearly  diphycercal,  the  termination  of  the 
vertebral  column  is,  in  fact,  distinctly  heterocercal  (Fig.  40). 
Its  extremity  remains  cartilaginous,  is  turned  upwards,  and  lies 
immediately  below  the  scutes  which  cover  the  upper  margin 
of  the  caudal  fin.  It  is  preceded  by  a  few  rudimentary  verte- 
brae which  gradually  pass  into  the  fully  developed  normal 
vertebrae.    The  caudal  fin  is  suspended  from  haemapophyses 
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oiily,  and  does  not  extend  to  the  oeural  side  of  the  vertebral 


Pig.  40.— HetcTocctcd  T»U  of  Lepidorteiu. 
*,  TertcbnU  colnmn  ;  A,  tusmal  spina  ;  dn,  fulcra  ;  dh,  lover  fulcra. 

cdIuqq,  The  neural  arches  coalesce  with  the  ceDtrum ;  inter- 
iiGimls  simple.  The  abdominal  vertebne  have  parapophjses, 
to  vhich  the  ribs  are  attached.  Only  the  caudal  vertebne 
■uve  teemal  spines. 

In  the  skull  of  Lqndosieus  the  cartilage  of  the  endo- 
ciaiiiiun  is  still  more  replaced  by  ossifications  than  in  Polyp- 
''nif;  those  ossifications,  moreover,  being  represented  by  a 
poter  number  of  discrete  bones ;  especially  the  membrane- 
'oaes  are  greatly  multiplied :  the  occipital,  for  instance,  con- 
^  of  three  pieces ;  the  vomer  is  double  aa  in  Folypterus ; 
UK  maxillary  consista  of  a  series  of  pieces  firmly  united  by 
"ttuie.  Thesymplecticreaches  the  lower  jaw,  so  that  the  arti- 
™Wy  is  provided  with  a  double  joint,  viz,  for  the  symplectic 
*^  quadrate ;  the  component  parts  of  the  lower  jaw  are  as 
luneroas  as  in  reptiles,  a  dentary,  aplenial,  articulaiy,  angular, 
"ipra-angular,  and  coronary  beii^  distinct.  The  sides  of  the 
'■cad  are  covered  with  numerous  bones,  and  a  prEeoperculum 
is  developed  in  front  of  the  gill-cover  which,  again,  consists  of 
Ui  operculum  and  suboperculum. 

Each  byoid  consists  of  three  pieces,  of  which  the  middle 
u  the  longest,  the  upper  hearii^  the  largest  of  the  three 
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branchiostegals  which  Lepidosteus  possesses ;  a  long  and  large 
glossohyal  is  intercalated  between  the  lower  ends  of  the 
hyoids.  There  are  five  branchial  arches,  the  hindmost  of 
which  is  modified  into  a  lower  pharyngeal ;  upper  pharyn- 
geals are  likewise  present  as  in  the  majority  of  Teleosteous 
fishes.    Ko  gular  plate. 

Of  the  scapulary  arch  the  two  halves  are  separated  by  a 
suture  in  the  median  line;  the  membrane-bones  are  well 
developed,  only  a  remnant  of  the  primordial  cartilcige  remain- 
ing ;  the  supraclavicle  is  very  similar  to  that  of  Teleosteous 
fishes,  less  so  the  post-temporaL .  The  base  to  which  the 
Umb  is  attached  is  a  single  osseous  plate,  supporting  on  its 
posterior  margin  semi-ossified  rods  in  small  number,  which 
bear  the  pectoral  rays. 

The  pubic  consists  of  paired  bone,  the  anterior  ends  of  which 
overlap  each  other,  the  extremity  of  the  right  pubis  being 
dorsad  to  that  of  the  left  The  elements  representing  a 
tarsus  are  quite  rudimentary  and  reduced  in  number  (two 
or  three). 

The  vertebral  column  of  the  Amioidei  shows  unmistak- 
able characters  of  the  Palaeichthyic  type.  The  arrangement 
of  its  component  parts  is  extremely  simple.  The  centra  of 
the  amphiccelous  vertebrae  are  well  ossified,  but  the  neural 
and  haemal  arches  do  not  coalesce  with  the  centra,  fipom  which 
they  are  separated  by  a  thin  layer  of  cartilage.  Singularly, 
not  every  vertebra  has  apophyses :  in  the  caudal  portion  of 
Amia  the  vertebrae  are  alternately  provided  with  them  and 
lack  them.  The  heterocercal  condition  of  the  spinous  columa 
is  well  marked  :  as  in  the  other  Holostei  the  hindmost 
vertebrae  are  turned  upwards,  become  smaller  and  smaller  in 
size,  and  lose  their  neural  arches,  the  haemals  remaining 
developed  to  the  end.  Finally,  the  column  terminates  in  a 
thin  cartilaginous  band,  which  is  received  between  the  lateral 
halves  of  the  fifth  or  sixth  upper  caudal  ray.    Intemeurals 
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.d  interhsemals  simple.     Only  the  abdominal  vertebrse  have 
ipophyses,  with  which  the  ribs  are  articulated. 
The  configuration  of  the  skull,  and  the  development  and 
rx-sngement  of  its  component  parts,  approaches  so  much  the 
'el^osteous  type  that,  perhaps,  there  are  greater  differences  in 
te^TiUs  of  truly  Teleosteous  fishes  than  between  the  skulls  of 
Arnia  and  many  Physostomi.      Externally  the  cranium  is 
cotirdy  ossified ;  and  the  remains  of  the  cartilaginous  primor- 
dial cranium  (which,  however,  has  no  vacuity  in  its  roof)  can 
only  be  seen  in  a  section,  and  are  of  much  less  extent  than 
in  many  Physostomous  fishes.    The  immovable  intermaxillary, 
the  double  vomer,  the  plurality  of  ossifications  representing 
the  articulary,  the  double  articulary  cavity  of  the  mandible 
for  junction  with  the  quadrate  and  symplectic  bones,  remind 
^  still  of  similar  conditions  in  the  skull  of  Zepidosteus,  but 
the  mobiUty  and  formation  of  the  maxillary,  the  arrange- 
Dient  of  the  gill-covers,  the  development  of  the  opercles, 
the  suspensorium,  the  palate,  the  insertion  of  a  number  of 
hianchiost^als  on  the  long  middle  hyoid  piece,  the  composi- 
tion of  the  branchial  framework  (with  upper  and  lower 
pharyngeals),  are  as  in  the  Teleosteous  type.    A  gular  plate 
'^places  the  urohyaL 

The  scapular  arch  is  composed  entirely  of  the  membrane- 
hones  found  in  the  Tdeostei,  and  the  two  sides  are  loosely 
^ted  by  ligament  The  base  to  which  the  limb  is  attached 
*  cartilaginous ;  short  semi-ossified  rods  are  arranged  along 
itB  hinder  margin  and  bear  the  pectoral  rays. 

The  skeleton  of  the  hind-limb  agrees  entirely  with  that 
^Itpidosteus. 

[T.  W.  Bridge,  The  Craoial  Osteology  of  Amia  caJva  ;  in  Jonm.  Anat 
and  PhysioL  yoL  zL] 

In  the  Tdeosteous  fishes  the  spinous  column  consists  of 
completely  ossified  amphiccelous  vertebrsB  ;  its  termination 
is  hmacercal — ^that  is,  the  caudal  fin  appears  to  be  more  or 
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less  symmetrical,  the  last  vertebra  occupying  a  central  posi-. 
tion  in  the  base  of  the  fin,  and  being  coalesced  with  a  flat 
osseous  lamella,  the  hypwral  (Fig.  23, 70),  on  the  hind  margin 
of  which  the  fin-rays  are  fixed.  The  hypural  is  but  a  union 
of  modified  hsemapophyses  which  are  directed  backwards, 
and  the  actual  termination  of  the  notochord  is  bent  upwards, 
and  lies  along  the  upper  edge  of  the  hypural,  hidden  below 
the  last  rudimentary  neural  elements.  In  some  Teleosteans, 
as  the  Saimonidas,  the  last  vertebrae  are  conspicuously  bent 
upwards  :  in  fact,  strictly  speaking,  this  homocercal  condition 
is  but  one  of  the  various  d^rees  of  heterocercy,  different  firom 
that  of  many  Granoids  in  this  respect  only,  that  the  caudal  fin 
itself  has  assumed  a  higher  degree  of  synmietiy. 

The  neural  and  haemal  arches  generally  coalesce  with  the 
centrum,  but  there  are  many  exceptions,  inasmuch  as  some 
portion  of  the  arches  of  a  species,  or  all  of  them,  show  the 
original  division. 

The  vertebrae  are  generally  united  with  one  another  by 
zygapophyses,  and  frequently  similar  additional  articulations 
exist  at  the  lower  parts  of  the  centra.  Parapophyses  and 
ribs  are  very  general,  but  the  latter  are  inserted  on  the  centra 
and  the  base  of  the  processes,  and  never  on  their  extremities. 
The  point  of  insertion  of  the  rib,  more  especially  on  the 
anterior  vertebrae,  may  be  stiU  higher — ^viz.  at  the  base  of  the 
neural  arch,  as  in  Cotylis  and  allied  genera,  and  even  on  th^ 
top  of  the  neurapophysis,  as  in  Batrachtis. 

There  is  a  great  amount  of  variation  as  regards  the  degree 
in  which  the  primordial  cranium  persists ;  it  is  always  more 
or  less  replaced  by  bone ;  frequently  it  disappears  entirely, 
but  in  some  fishes,  like  the  SalmonidcB  or  Esocidce,  the  carti- 
lage persists  to  the  same  or  even  to  a  greater  extent  than  in 
the  Ganoidei  holosteL  Added  to  the  bones  preformed  in  car- 
tilage are  a  great  number  of  7nembran&-bones.  The  different 
kinds  of  these  membrane-bones  occur  with  greater  or  less 
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constancy  throughout  this  sub-class ;  they  often  coalesce  with, 
and  are  no  more  separable  from,  the  neighbouring  or  under- 
lying cartilage-bones.  All  these  bones  have  been  topogra- 
phically enumerated  in  Chapter  IV. 

Many  attempts  have  been  made  to  classify  the  bones  of 

the  Teleosteous  skull,  according  to  their  supposed  relation  to 

each  other,  or  with  the  view  to  demonstrate  the  imity  of 

plan  on  which  the  skull  has  been  built;  but  in  aU  either 

the  one  or  the  other  of  the  following  two  principles  has  been 

foflowed : — 

A.  The  "  vertebral  doctrine  **  starts  from  the  xmdeniable 
{act  that  the  skull  is  originally  composed  of  several  segments, 
each  of  which  is  merely  the  modification  of  a  vertebra.  The 
component  parts  of  such  a  cranial  segment  are  considered  to 
be  homologous  to  those  of  a  vertebra.  Three,  four,  or  five 
cranial  vertebrae  have  been  distinguished,  all  the  various 
bones  of  the  fully-developed  and  ossified  skull  being  referred, 
^tiout  distinction  as  to  their  origin,  to  one  or  the  other 
of  those  vertebral  segments.  The  idea  of  the  typical  unity 
of  the  osseous  framework  of  Vertebrates  has  been  worked  out 
^ti  the  greatest  originality  and  knowledge  of  detail,  by 
^W,  who  demonstrates  that  the  fish-skull  is  composed  of 
/<»tr  vertebrae. 

The  bones  of  the  fish-skull  are,  according  to  him,  primarily 
^visible  into  those  of  the  neuroskeleton,  splanchnoskeleton,  and 

The  bones  of  the  neuro-  or  proper  endo-skdeton  are 
wianged  in  a  series  of  four  horizontally  succeeding  segments  : 
tte  occipital,  parietal,  frontal,  and  nasal  vertebrae ;  each  seg- 
D»ent  consisting  of  an  upper  (neural)  and  a  lower  (haemal) 
areh,  with  a  common  centre,  and  with  diverging  appendages. 

The  neural  arches  of  the  four  vertebrae,  in  their  succession 
from  the  occiput  towards  the  snout,  are : — 

1.  ^peneqfJudic  areh,  composed  of  the  occipitals. 
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2.  Mesencephalic  arch,  composed  of  basisphenoid,  ali- 
sphenoid,  parietal,  and  mastoid. 

3.  Frosencephalic  arch,  composed  of  presphenoid,  orbito- 
sphenoid,  frontal,  and  postfrontaL 

4.  Bhinencephalic  arch,  composed  of  vomer,  prefrontal,  and 
nasaL 

The  hasmal  arches  in  the  same  order  of  succession  are : — 

1.  Scapular  or  scapulo-caracoid  arch,  composed  of  supra- 
scapula,  scapula,  and  coracoid ;  its  appendage  consists  of  the 
ulna,  radius  and  carpal. 

2.  Hyoid  or  stylo-hyoid  arch,  composed  of  stylo-hyal,  epi- 
hyal,  ceratohyal,  basihyal,  glossohyal,  and  urohyal;  its  ap- 
pendage is  the  branchiostegals. 

3.  Mandibular  or  tympano-mandihular  arch,  composed  of 
epi-,  meso-,  pre-,  and  hypo-tympanic,  and  the  bones  of  the 
lower  jaw ;  its  appendage  consists  of  the  prseoperculum  and 
the  other  opercles. 

4.  Maxillary  or  palato-maxillary  arch,  composed  of  pala- 
tine, maxillary,  and  premaxillary ;  its  appendftge  consists  of 
the  pterygoid  and  entopterygoid. 

Parts  of  the  splanchnoskdeton  are  held  to  be  the  ear-capsule 
or  petrosal  and  the  otolite,  the  eye-capsule  or  sclerotic,  the 
nose-capsule  or  "ethmoid"  and  turbinal;  the  branchial 
arches. 

The  bones  of  the  dermoskeleton  are  the  supratemporals, 
supraorbitals,  suborbitals,  and  labials. 

B.  In  the  second  method  of  classifying  the  bones  of  the 
skull  prominence  is  given  to  the  facts  of  their  different  origin 
as  ascertained  by  a  study  of  their  development.  The  parts 
developed  from  the  primordial  skull,  or  the  cartilaginous  case 
protecting  the  nervous  centre  are  distinguished  from  those 
which  enclose  and  support  the  commencement  of  the  aliment- 
ary canal  and  the  respiratory  apparatus,  and  which,  consisting 
of  several  arches,  are  comprised  under  the  common  name  of 
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'-octroi  skeleton  of  the  shdl.  Further,  a  distinction  is  made 
^'t^^een  the  bones  preformed  in  cartilage  and  those  originat- 
in  t^umentary  or  membranous  tissue.  It  is  admitted 
the  primordial  cranium  is  a  coalition  of  several  segments, 
number  of  which  is  determined  by  that  of  the  visceral 
irc^lies,  these  representing  the  haemal  arches  of  the  vertebral 
«>liuim ;  but  the  membrane-bones  are  excluded  from  a  consi- 
teration  of  the  vertebral  division  of  the  primordial  skull,  as 
eLements  originally  independent  of  it,  although  these  additions 
have  entered  into  special  relations  to  the  cartilage-bones. 

With  these  views  the  bones  of  the  Teleosteous  skull  are 
classified  thus : — 

1.  Cartilage^nes  of  the  primordial  shdl, — ^The  hasi-occi- 
piW  (5  in  Figs.  23-26)  has  retained  the  form  of  a  vertebral 
centrum;  it  is  generally  concave  behind,  the  concavity  contain- 
ing  remains  of  the  notochord ;  rarely  a  rounded  articulary  head 
of  the  first  vertebra  fits  into  it,  as  in  Symh^anchus,  and  still 
JJiioie  rarely  it  is  provided  with  such  an  articulary  head  {Fistu- 
^na);  frequently  it  shows  two  excavations  on  its  inner  surface 
for  the  reception  of  the  saccus  vestibuli.  The  exoccipitals  (10) 
^situated  on  the  side  of  the  basi-occipital,  and  contribute  the 
Plater  portion  of  the  periphery  of  the  foramen  magnum; 
frequently  they  articulate  with  the  first  vertebra,  or  meet  in 
^  upper  median  line,  so  as  to  exclude  the  supraoccipital 
from  the  foramen  magnum.  The  supraoccipitcU  (8)  is  interca- 
lated between  the  exoccipitals,  and  forms  a  most  prominent 
P*rt  by  the  median  crest,  which  sometimes  extends  far  for- 
^wds  on  the  upper  side  of  the  skull,  and  offers  attachment  to 
the  dorsal  portion  of  the  large  lateral  muscle  of  the  trunk, 
^en  the  interior  portions  of  this  bone  remain  cartilaginous, 
^zue  part  of  the  semicircular  canals  may  be  lodged  in  it 

Thereon  of  the  skull  which  succeeds  the  bones  described 
^oses  at  least  the  greater  portion  of  the  labyrinth,  and  its 
component  parts  hav6  been  named  with  reference  to  it  by 
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some  anatomists.^  The  alisphenoids  (11)  (Proaticum)  torn 
sutures  posteriorly  with  the  basi-  and  ex-occipitals,  and  meet 
each  other  in  the  median  line  at  the  bottom  of  the  cerebral 
cavity ;  they  contribute  to  the  formation  of  a  hollow  in  whidi 
the  hypophysis  cerebri  and  the  saccus  vasculosus  are  received 
in  conjunction  with  the  exoccipital  it  forms  another  holloa 
for  the  reception  of  the  vestibulum ;  generally  it  is  perforated 
by  the  Trigeminal  and  Facial  nerves.  The  paroccipitals  (9] 
(Epioti^cum)  lodge  a  portion  of  the  posterior  vertical  semi- 
circular canal,  and  form  a  projection  of  the  skull  on  each  side 
of  the  occipital  crest,  to  which  a  terminal  branch  of  the  scapu- 
lar arch  is  attached.  The  Mastoid  (12  +  13)  (Opisthoticum] 
occupies  the  postero-extemal  projection  of  the  head ;  it  en- 
closes a  part  of  the  external  semicircular  canal ;  is  generallj 
coalesced  with  a  membrane-bone,  the  superficial  squamosal 
which  emits  a  process  for  the  suspension  of  the  scapulai 
arch,  and  is  frequently,  as  in  the  Perch,  divided  into  tw( 
separate  bones. 

The  anterior  portion  of  the  skull  varies  greatly  as  r^ard£ 
form,  which  is  chiefly  dependent  on  the  extent  of  the  cerebral 
cavity ;  if  the  latter  is  advanced  far  forwards,  the  lateral  waUi 
of  the  primordial  cranium  are  protected  by  more  developeci 
ossifications  than  if  the  cerebral  cavity  is  shortened  by  the 
presence  of  a  wide  and  deep  orbit  In  the  latter  case  parte 
which  normally  form  the  side  of  the  skull  are  situated  in 
front  of  the  brain-case,  between  it  and  the  orbit,  and  gener 
ally  reduced  in  extent,  often  replaced  by  membranes ;  especi- 
ally the  interorbital  septum  may  be  reduced  to  membrane 
The  most  constant  ossifications  of  this  part  of  the  skull  are 
the  (yrhUasphenoids  (14),  which  join  the  upper  anterior  maigin 
of  the  alisphenoids.  They  vary  much  with  r^ard  to  their 
development  —  they  are  small  in  Gadoids;  larger  in  the 
Perch,  Pike,  Salmonoids,  Macrodon,  and  the  Clupeoids ;  and 

^  Ab  first  proposed  by  Huxley. 
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large  in  Cyprinoids  and  Siluroids,  in  which  they  contri- 

to  the  formation  of  the  side  of  the  brain-case.    The  single 

T— shaped  Sphenoideum  anterius  (15)  is  as  frequently  absent 

as     present ;  it  forms  the  anterior  margin  of  the  fossa  for  the 

hypophysis.    Finally,  the  post'frorUal  (4)  belongs  also  to  this 

group  of  cartilage-bones. 

The  centre  of  the  foremost  part  of  the  skull  is  occupied  by 

tlxe  ethmoid  (3),  which  shows  great  variations  as  regards  its 

ext;ent  and  the  degree  of  ossification;  it  may  extend  back- 

waids  into  the  interorbital  septum,  and  reach  the  orbito- 

sphenoids,  or  may  be  confined  to  the  extremity  of  the  skull ; 

\x»  xngy  remain  entirely  cartilagiaous,  or  ossify  into  a  lamina 

wliich  separates  the  two   orbits  and  encloses  an  anterior 

prolongation  of  the  brain-case,  along  which  the  oKactory 

i^erves  pass :  modifications  occurring  again  in  higher  verte- 

^tes.    A  paired  ossification  attached  to  the  fore-part  of  the 

ethmoid  is  the  prefrontals  (2),  which  form  the  base  of  the 

lUisal  fossa. 

2.  Membrane-bones  aita/^ied  to  the  priTnordial  skull. — ^To 
ftis  group  belong  the  parietals  (7)  ojid  fronials  (1).  The  squa- 
■wwi  (12)  has  been  mentioned  above  in  connection  with  the 
DiastoiA  The  supraorbital  is  always  small,  and  frequently 
^^t  The  lower  surface  of  the  skull  is  protected  by  the 
^wwpA«u>irf  (parasphenoid)  (6)  and  the  vomer  (16),  both  of 
which,  especially  the  latter,  may  be  armed  with  teeth.^ 

3.  Cariiiage  bones  of  the  aliTntntary  portion  of  the  visceral 
^l^deton  of  the  skull. — The  suspensorium  consists  of  three  car- 
Milage-bones,  and  affords  a  base  for  the  opercular  apparatus  as 
Well  as  a  point  of  attachment  to  the  hyoid,  whilst  in  front  it 
w  comiected  with  the  palato-pterygo-palatine  arch.  They 
are  the  hyom/indibular  (23),  symplectic  (31),  and  quadrate 

'  SUnnins  (pp.  60,  65)  doubts  the  pure  origin  of  these  two  bones  from 
oembnnoiu  tiasae,  and  is  inclined  to  consider  them  as  **  the  extreme  end  of 
the  abortiTe  aadil  fyitem," 


90  FISHES. 

(26),  connected  by  means  of  the  metapterygaid  (27)  with  thi 
ectO'  (24)  and  ent(hpterygoid  (25),  the  foremost  bone  of  th* 
arch  being  the  palatine  (22).  All  these  bones  have  beei 
sufficiently  described  above  (p.  55),  and  it  remains  only  to  b 
mentioned  that  the  bones  of  the  palatine  arch  are  but  rarel; 
absent,  as  for  instance  in  Muramophis ;  and  that  the  syn 
plectic  does  not  extend  to  the  articulary  of  the  mandible,  a 
in  Amia  and  Lepidosteus,  though  its  suspensory  relation  to  th 
Meckelian  cartilage  is  still  indicated  by  a  ligament  whic 
connects  the  two  pieces.  Of  the  mandibulaiy  bones  tfa 
articulary  (35)  is  distinctly  part  of  Meckel's  cartilage.  Ph 
quently  another  portion  of  cartilage  below  the  articulai 
remains  persistent,  or  is  replaced  by  a  separate  membran< 
bone,  the  angular. 

4.  Memhrarie-hones  of  the  alimentary  portion  of  the  viseert 
skeleton  of  the  skull. — ^The  suspensorium  has  one  t^umentai 
bone  attached  to  it,  viz.  the  prasaperculum  (30) ;  it  is  bi 
rarely  absent,  for  instance  in  Murcmophis.  The  premaxi 
lary  (17)  and  maxillary  (18)  of  the  Teleostei  appear  to  I 
also  membrane -bones,  although  they  are  clearly  analogoi 
to  the  upper  labial  cartUages  of  the  Sharks.  The  pn 
maxillaries  sometimes  coalesce  into  a  single  piece  (as  J 
Diodony  Mormyrus),  or  they  are  firmly  united  with  tl 
maxillaries  (as  in  all  Gymnodonts,  Serrasalmx),  etc.)  Tl 
relative  position  and  connection  of  these  two  bones  diffe 
much,  and  is  a  valuable  character  in  the  discrimination  < 
the  various  families.  In  some,  the  front  margin  of  the  jaw 
formed  by  the  premaxillary  only,  the  two  bones  having 
parallel  position,  as  it  has  been  described  in  the  Perch  ( 
53);  in  others,  the  premaxillary  is  shortened,  allowing  tl 
maxillary  to  enter,  and  to  complete,  the  margin  of  the  upp 
jaw ;  and  finally,  in  many  no  part  of  the  maxillary  is  situate 
behind  the  premaxillary,  but  the  entire  bone  is  attached  I 
the  end  of  the  premaxillary,  forming  its  continuation.     1 
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the    last  case  the  maxillary  may  be  quite  abortive.     The 
motility  of  the  upper  jaw  is  greatest  in  those  fishes  in  which 
the   premaxillaiy  alone  forms  its  margin.    The  form  of  the 
premaxillary  is  subject  to  great  variation  :  the  beak  otBelone, 
Xijahias  is  formed  by  the  prolonged  and  coalesced  premaxil- 
lanes.    The  maxillary  consists  sometimes  of  one  piece,  some- 
times of  two  or  three.    The  principal  membrane-bone  of  the 
mandible  is  the  dentary  (34),  to  which  is  added  the  angular 
(36)  and  rarely  a  smaller  one,  the  aplenial  or  os  operdUare, 
which  is  situated  at  the  inside  of  the  articulary. 

5.  Cartilage-hones  of  the  respiratory  portion  of  the  visceral 
Hcdeton  of  the  skull. — ^With  few  exceptions  all  the  ossifications 
of  the  hyoid  and  branchial  arches,  as  described  above  {p.  58), 
^ong  to  this  group. 

6.  Membrane-bones  of  the  respiratory  portion  of  the  visceral 
«Wrf(w  of  the  skull. — They  are  the  following :  the  opercular 
pieces,  viz.  operculum  (28),  subopercvlvmi  (32),  and  interqper- 
^um  (33).  The  last  of  these  is  the  least  constant ;  it  may 
be  entirely  absent,  and  represented  by  a  ligament  extending 
from  the  mandible  to  the  hyoid.  The  urohyal  (42)  which 
separates  the  musculi  stemohyoidei,  and  serves  for  an  in- 
creased surface  of  their  insertion ;  and  finally  the  branchio- 
*^«^  (43),  which  vary  greatly  in  number,  but  are  always 
filed  to  the  cerato-  and  epi-hyals. 

7.  Dermal  bones  of  the  skull. — ^To  this  category  are  referred 

>ome  bones  which  are  ossifications  of,  and  belong  to,  the 

cntis.    They  are  the  turbinals  (20),  the  suborbitals  (19),  and 

^  supratemporals.     They  vary  much  with  r^ard  to  the 

degree  in  which  they  are  developed,  and  are  rarely  entirely 

absent   Nearly  always  they  are  wholly  or  partly  transformed 

into  tubes  or  hollows,  in  which  the  muciferous  canals  with 

their  numerous  nerves  are  lodged.     Those  in  the  temporal 

and  scapulary  regions  are  not   always  developed;  on   the 

other  hand,  the  series  of  those  ossicles  may  be  continued  on 
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to  the  trunk,  accompanying  the  lateral  line.  In  many  fishes 
those  of  the  infraorbital  ring  are  much  dilated,  protecting  th( 
entire  space  between  the  orbit  and  the  rim  of  the  prseoper- 
culum ;  in  others,  especially  those  which  have  the  angle  o: 
the  preeoperculum  armed  with  a  powerful  spine,  the  infra 
orbital  ring  emits  a  process  towards  the  spine,  which  thus  serve 
as  a  stay  or  support  of  this  weapon  (Scorpcenidce,  CoUidce). 

The  pectoral  arch  of  the  Teleosteous  fishes  exhibits  but  ] 
renmant  of  a  primordial  cartilage,  which  is  replaced  by  tw< 
ossifications,^  tiie  coracoid  (51)  and  scapida  (52) ;  they  ofie 
posteriorly  attachment  to  two  series  of  short  rods,  of  whicl 
the  proximal  are  nearly  always  ossified,  whilst  the  dista 
frequently  remain  small  cartilaginous  nodules  hidden  in  tb 
base  of  the  pectoral  rays.  The  bones,  by  which  this  portio 
is  connected  with  the  skull,  are  membrane-bones,  viz.  th 
clavicle  (49),  with  the  postclavicle  (49  +  50),  the  supradavic 
(47),  and  post^temporal  (46).  The  order  of  their  arrangemei 
in  the  Perch  has  been  described  above  (p.  59).  Howeve 
many  Teleosteous  fish  lack  pectoral  fins,  and  in  them  th 
pectoral  arch  is  frequently  more  or  less  reduced  or  rod 
mentary,  as  in  many  species  of  Murcenidce.  In  others  tb 
membrane-bones  are  exceedingly  strong,  contributing  to  th 
outer  protective  armour  of  the  fish,  and  then  the  clavick 
are  generally  suturally  connected  in  the  median  Una  Th 
postclavicula  and  the  supraclavicula  may  be  absent.  Onl; 
exceptionally  the  shoulder-girdle  is  not  suspended  from  th 
skull,  but  from  the  anterior  portion  of  the  spinous  colum 
(Synibranchidcey  Muramidcp,  Nbta^carUhidcc).  The  number  ( 
basal  elements  of  each  of  the  two  series  never  exceeds  fiv( 
but  may  be  less ;  and  the  distal  series  is  absent  in  Siluroids. 

The  pubic  bones  of  the  Teleosteous  fishes  undergo  man 
modifications  of  form  in  the  various  families,  but  they  ai 
essentially  of  the  same  simple  type  as  in  the  Perch. 

I  Ptirker's  nomenclature  is  adopted  here. 


CHAPTER  V. 

MYOLOGY. 

Il^  the  lowest  yeitebiate,  Branchiostoma,  the  whole  of  the 

y^umdar  mass  is  arranged  in  a  longitudinal  band  running 

tlong  each  side  of  the  body;  it  is  vertically  divided  into 

&  number  of  flakes  or   segments   {myoeommas)  by  aponeu- 

lotic  septa,  which  serve  as  the  surfaces  of  insertion  to  the 

inosedar  fibres.    But  this  muscular  band  has  no  connection 

^  the  notochord  except  in  its  foremost  portion,  where 

Mine  relation  has  been  formed  to  the  visceral  skeleton.    A 

Teiy  thin  muscular  layer  covers  the  abdomen. 

Also  in  the  CydosUmus  the  greatest  portion  of  the  mus- 
cular system  is  without  direct  relation  to  the  skeleton,  and, 
^gun,  it  is  only  on  the  slnill  and  visceral  skeleton  where 
dutinct  muscles  have  been  differentiated  for  special  functions. 
To  the  development  of  the  skeleton  in  the  more  highly 
^^iguused  fishes  corresponds  a  similar  development   of  the 
muscles;   and  the  maxillary  and  branchial  apparatus,  the 
^ctond  and  ventral  fins,  the  vertical  fins,  and  especially  the 
odal,  possess  a  separate  system  of  muscles.    But  the  most 
^•eworthy  is  the  muscle  covering  the  sides  of  the  trunk 
tail   (already  noticed  in  Branchiostoma),  which  Cuvier 
ribed  as  the  "great  lateral  muscle,"  and  which,  in  the 
n  fishes,  is  a  compound  of  many  smaller  segments,  cor- 
nding  in    number  with   the  vertebrae.      Each  lateral 
!e  is  divided  by  a  median  longitudinal  groove  into  a 
and  ventral  haK;   the   depression   in  its  middle  is 
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filled  by  an  embryonal  muscular  substance  which  contam 
a  large  quantity  of  fat  and  blood-vessels,  and  therefor 
differs  from  ordinary  muscle  by  its  softer  consistency,  am 
by  its  colour  which  is  reddish  or  grayish.  Superficially  th 
lateral  muscle  appears  crossed  by  a  number  of  white  parallc 
tendinous  zigzag  stripes,  forming  generally  three  angles,  c 
which  the  upper  and  lower  point  backwards,  the  middle  on 
forwards.  These  are  the  outer  edges  of  the  aponeurotic  sept 
between  the  myocommas.  Each  septum  is  attached  t 
the  middle  and  the  apophyses  of  a  vertebra,  and,  in  th 
abdominal  region,  to  its  rib;  frequently  the  septa  receiv 
additional  support  by  the  existence  of  epipleural  spines.  Th 
fibres  of  each  myocomma  run  straight  and  nearly  horizontal! 
from  one  septum  to  the  next ;  they  are  grouped  so  as  to  fon 
semiconical  masses,  of  which  the  upper  and  lower  have  the 
apices  turned  backwards,  whilst  the  middle  cone,  formed  b 
the  contiguous  parts  of  the  preceding,  has  its  apex  directe 
forward ;  this  fits  into  the  interspace  between  the  antecedei 
upper  and  lower  cones,  the  apices  of  which  reciprocally  ent( 
the  depressions  in  the  succeeding  segment,  whereby  all  th 
segments  are  firmly  locked  together  {Owen). 

In  connection  with  the  muscles  reference  has  to  be  mad 
to  the  Electric  organs  with  which  certain  fishes  are  providec 
as  it  is  more  than  probable,  not  only  from  the  examination  c 
peculiar  muscular  organs  occurring  in  the  Rays,  Mormyrm 
and  OyrrmarchiLS  (the  function  of  which  is  still  conjectural] 
but  especially  from  the  researches  into  the  development  c 
the  electric  organ  of  Torpedo^  that  the  electric  organs  hav 
been  developed  out  of  muscular  substance.  The  fishe 
possessing  fully  developed  electric  oigans,  with  the  power  o 
accumulating  electric  force  and  communicating  it  in  th< 
form  of  shocks  to  other  animals,  are  the  electric  Bay 
{Torpedinidoe)y  the  electric  Sheath -fish  of  tropical  Afric; 
(Maiapterurtis),  and  the  electric  Eel  of  tropical  Americi 
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(G^^mnotus).  The  structure  and  arrangement  of  the  electric 
organ  is  very  different  in  these  fishes,  and  will  be  subsequently 
des<jribed  in  the  special  account  of  the  several  species. 

The  phenomena  attending  the  exercise  of  this  extraordi- 
nary faculty  also  closely  resemble  muscular  action.    The  time 
aacl  strength  of  the  discharge  are  entirely  under  the  control 
of  the  fish.     The  power  is  exhausted  after  some  time,  and  it 
needs  repose  and  nourishment  to  restore  it.     If  the  electric 
nerves  are  cut  and  divided  from  the  brain  the  cerebral  action 
i&  interrupted,  and  no  irritant  to  the  body  htis  any  effect  to 
excite  electric  discharge ;  but  if  their  ends  be  irritated  the 
dischaige  takes  place,  just  as  a  muscle  is  excited  to  contraction 
under  similar  circumstances.    And,  singularly  enough,  the 
application  of  strychnine  causes  simultaneously  a  tetanic  state 
of  the  muscles  and  a  rapid  succession  of  involuntary  electric 
discharges.    The  strength  of  the  discharges  depends  entirely  on 
the  size,  health,  and  energy  of  the  fish :  an  observation  entirely 
agreemg  with  that  made  on  the  eflBcacy  of  snake-poison.     Like 
this  latter,  the  property  of  the  electric  force  serves  two  ends 
in  the  economy  of  the  animals  which  are  endowed  with  it ; 
It  IS  essential  and  necessary  to  them  for  overpowering,  stun- 

• 

wng,  or  killing  the  creatures  on  which  they  feed,  whilst 
incidentally  they  use  it  as  the  means  of  defending  themselves 
from  their  enemies. 


CHAPTER  VL 

NEUROLOGY. 

The  most  simple  condition  of  the  nervous  central  oiga: 
known  in  Vertebrates  is  found  in  JBranchiostoma.  In  thi 
fish  the  spinal  chord  tapers  at  both  ends,  an  anterior  cerebia 
swelling,  or  anything  approaching  a  brain,  being  absent  I 
is  band-like  along  its  middle  third,  and  groups  of  darke 
ceUs  mark  the  origins  of  the  fifty  or  sixty  pairs  of  nerve 
which  accompany  the  intermuscular  septa,  and  divide  int 
a  dorsal  and  ventral  branch,  as  in  other  fishes.  The  t^ 
anterior  pairs  pass  to  the  membranous  parts  above  the  mout" 
and  supply  with  nerve  filaments  a  ciliated  depression  nes 
the  extremity  of  the  fish,  which  is  considered  to  be  c 
olfactory  organ,  and  two  pigment  spots,  the  rudiments 
eyes.    An  auditory  organ  is  absent. 

The  spinal  chord  of  the  Cyelostomes  is  flattened  in  J 
whole  extent,  band-like,  and  elastic ;  also  in  Chinuera  it 
elastic,  but  flattened  in  its  posterior  portion  only.  In  a 
other  fishes  it  is  cylindrical,  non-ductile,  and  generally  ex 
tending  along  the  whole  length  of  the  spinal  canaL  The 
Plectognaths  offer  a  singular  exception  in  this  respect  that 
the  spinal  chord  is  much  shortened,  the  posterior  portion  of 
the  canal  being  occupied  by  a  long  cauda  equina ;  this  shorten- 
mg  of  the  spinal  chord  has  become  extreme  in  the  Sun-fish 
(OrtJiagoriscus),  in  which  it  has  shrunk  into  a  short  and 
conical  appendage  of  the  brain.  Also  in  the  Devil-fish 
{Lophivs)  a  long  cauda  equina  partly  conceals  the  chord  which 
terminates  on  the  level  of  about  the  twelfth  vertebra. 
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The  brain  of  fishes  is  relatively  small;  in  the  Burbot 
(^^/a)  it  has  been  estimated  to  be  ^^th  part  of  the  weight 
0^  the  entire  fish,  in  the  Pike  the  xb^tj^^  P^>  ^^^  ^^  ^^® 
1^1^  Sharks  it  is  relatively  still  smaller.  It  never  fills  the 
^titire  cavity  of  the  cranium ;  between  the  dura  mater  which 
^lieres  to  the  inner  surface  of  the  cranial  cavity,  and  the 
**^chnoidea  which  envelops  the  brain,  a  more  or  less  con- 
8i<ierable  space  remains,  which  is  filled  with  a  soft  gelatinous 
mass  generally  containing  a  large  quantity  of  fat.  It  has 
l>een  observed  that  this  space  is  much  less  in  young  specimens 
fl^an  in  adult,  which  proves  that  the  brain  of  fishes  does  not 
grow  in  the  same  proportion  as  the  rest  of  the  body ;  and, 
indeed,  its  size  is  nearly  the  same  in  individuals  of  which  one 
is  double  the  bulk  of  the  other. 

The  brain  of  Osseous  fishes  (Fig.  41)  viewed  from  above  shows 

tbiee  protuberances,  respectively  termed  prosencephalon,  mes- 

^ncfpkalon,  and  metencephalon,  the  two  anterior  of  which  are 

paired,  the  hindmost  being  single.*    The  foremost  pair  are  the 

hemigpheres,  wliich  are  solid  in  their  interior,  and  provided 

^th  two  swellings  in  front,  the  olfactory  lobes.     The  second 

V^ir  are  the  optic  lobes,  which  generally  are  larger  than  the 

Wmispheres,  and  succeeded  by  the  third  single  portion,  tlve 


Fig.  41. — Brain  of  Perch. 
L  Upper  aspect.  II.  Lower  aspect. 

*»  ttrtbeDam  ;  6,  optic  lobes  ;  c,  hemispheres  ;  e,  lobi  iuferiores  ;  /,  hypophysis  ; 
^  lobi  posteriorea  ;  i,  Olfactory  lobes  ;  n,  N.  opticus ;  o,  N.  olfuctorius  ; 
A  K.  oculo-motoriiu  ;  q,  N.  truchlearis  ;  r,  A"^.  trigeniiuas  ;  a,  N.  acusticus  ; 
A  X  vagufl  ;  V,  N.  abduceDs  ;  r,  Fourth  ventricle. 

(frthdlum.    In  the  fresh  state  the  hemispheres  are  of  a  grayish 
colour,  and  often  show  some   shallow  depressions  on  their 

H 
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surface ;  a  narrow  commissure  of  white  colour  connects  the 
with  each  other.  The  optic  lobes  possess  a  cavity  {ventricul 
/o6top<i(?i),at  the  bottom  of  which  some  protuberances  of  variab 
development  represent  the  corpora  quadrigemina  of  high 
animals.  On  the  lower  surface  of  the  base  of  the  optic  lob( 
behind  the  crura  cerebri,  two  swellings  are  observed,  the  lo 
inferiores,  which  slightly  diverge  in  front  for  the  passage 
the  infundibulunif  from  which  a  generally  large  hypophysis  • 
pituitary  gland  is  suspended.  The  relative  size  of  the  cer 
bellum  varies  greatly  in  the  different  osseous  fishes :  in  ti 
Tunny  and  Silurus  it  is  so  large  as  nearly  to  cover  the  opt 
lobes;  sometimes  distinct  transverse  grooves  and  a  medit 
longitudinal  groove  are  visible.  The  cerebellum  possesses  : 
its  interior  a  cavity  which  communicates  with  the  anteri* 
part  of  the  fourth  ventricle.  The  medulla  oblongata  is  broad 
than  the  spinal  chord,  and  contains  the  fourth  ventricle,  whit 
forms  the  continuation  of  the  central  canal  of  the  spin 
chord.  In  most  fishes  a  perfect  roof  is  formed  over  t' 
fourth  ventricle  by  two  longitudinal  pads,  which  meet  eai 
other  in  the  median  line  (lobi  posteriores),  and  but  rarely 
remains  open  along  its  upper  surface. 

The  brain  of  Oanoid  fishes  shows  great  similarity  to  tb 
of  the  Teleostei;  however,  there  is  considerable  diversit 
of  the  arrangement  of  its  various  portions  in  the  difiFerei 
types.  In  the  Sturgeons  and  Polypterus  (Fig.  42)  the  hem 
spheres  are  more  or  less  remote  from  the  mesencephalon,  i 
that  in  an  ujjper  view  the  crura  cerebri,  with  the  intermedial 
entrance  into  the  third  ventricle  (fissura  cerebri  magna),  may  I 
seen.  A  vascular  membranous  sac,  containing  lymphatic  flui 
(epiphysis),  takes  its  origin  from  the  third  ventricle,  its  ba^ 
being  expanded  over  the  anterior  interspace  of  the  optic  lobe 
and  the  apex  being  fixed  to  the  cartilaginous  roof  of  tk 
cranium.  This  structure  is  not  peculiar  to  the  Ganoids,  bi 
found  in  various  stages  of  development  in  Teleosteans,  marl 
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ing,  'W'hen  present,  the  boundary  between  prosencephalon  and 
mesencephalon.  The  lobi  optici  are  essentially  as  in  Tele- 
ostea.iis.  The  cerebellum  penetrates  into  the  ventriculus 
lobi  optici,  and  extends  thence  into  the  open  sinus  rhomboid- 
alis.  At  its  upper  surface  it  is  crossed  by  a  commissure 
fonned  by  the  corpora  resti/ormia  of  the  medulla. 


Fig.  42.— Brain  of  Polypterus.     (After  Miiller.) 

I. ,  Upper ;  II.,  Lateral ;  III.,  Lower  aspect. 

■»  Medulla ;  h,  corpora  reatiformia ;  c,  cerebellum ;  d,  lobi  optici ;  e,  hypophysiH  ; 
f,  finnra  cerebri  magna ;  g,  nervus  opticus ;  g\  chiasma ;  A,  hemispheres ; 
ii  lobns  olCactoriiiB  ;  A;,  sinns  rhomboidalis  (fourth  ventricle). 

As  regards  external  configuration,  the  brain  of  Lepidostms 
^  Amia  approach  still  more  the  Teleosteous  type.  The 
Prosencephalon,  mesencephalon,  and  metencephalon  are  con- 
gous, and  the  cerebellum  lacks  the  prominent  transverse 
commissure  at  its  upper  surface.  The  sinus  rhomboidalis  is 
open. 

The  brain  of  the  Dipnoi  shows  characters  reminding  us 
of  that  of  the  Ganoids  as  well  as  the  Chondropterygians, 
Ceraiodus  agreeing  with  Protopterus  in  this  respect,  as  in 
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most  other  poiots  of  its  organisation.  The  hemisphere 
form  the  largest  part  of  the  brain ;  thej  are  coalesc^it,  as  i 
Sharks,  but  possess  two  lateral  ventricles,  the  separation  beio 
estemallj  indicated  by  a  shallow  median  groove  on  the  nppf 
surface.  The  olfactory  lobes  take  their  origin  from  the  uppe 
anterior  end  of  the  hemispheres.  Epiphysis  and  hypophysi 
well  developed.  The  lobi  optici  are  very  small,  and  remot 
^m  the  prosencephalon,  their  division  into  the  lateral  halve 
being  indicated  by  a  median  groove  only.  The  cerebellum  i 
very  small,  overlying  the  front  part  of  the  sinus  rhomboidali 
The  brain  of  C^umdropierygians  (Fig.  43)  is  more  develope 
than  that  of  all  other  fishes,  and  distinguished  by  well-marke 
charactei^.  These  are,  first,  the  prolongation  of  the  olfactor 
s  into  more  or  less  long  pedicles,  which  dilate  into  grec 
,  where  they  come  into  contact  with  tb 
K)ndly,  the  space  which  generally  intervent 
between  prosencephalc 
and  mesencephalon,  as 
some  Ganoids ;  thjidl 
the  lai^  development 
the  metencephalon. 

The  hemispheres  ai 
generally  large,  coalesceni 

but  with  a  median,  longi 
ac,  Nerv.  icnsticiu  ;  b,  corpna  reatifonne ;  e,   .     ,.     ,      ,.    ... 

crebeUam;  d,  lobu.  opticu,;  ^  hypo-  tudinal,  dividing  gTOOVl 
phy»is ;  g,  nerma  opticiu ;  h,  hemi-  Frec^Uently  theil  SUrfoC 
*phere  :  i,  labus  olfactorinii ;  i',  olfutory     •  .. 

pedicK :  t,  i»ry.  olt^loriu,  ;  I,  epiphyu.  ;  ^hoWS  tlUCCS  of  gyratlOtt 
m,  Denr.  ocnlo-mabiTiiu ;  tr,  narr.  trige-  and  when  they  are  pTC 
miniu ;  c,  nenr.  vasna,  'i    >       ■.<     >   .       < 

vided  with  lateral  veni 

rides,  tubercles  representing  corpora  striata  may  be  ofc 
served.  The  olfactory  pedicles  take  their  origin  from  th 
side  of  the  hemispheres,  and  are  frequently  hollow,  ani 
if  80,  their  cavity  commnnicates  with  the  ventricle  of  tb 
hemisphere.     The  optic  lobes  are  generally  smaller  than  th 


Pig.  48.— Snin  otCvchviu.     (After  Owen.) 
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hemispheres,  coaleacent,  and  provided  with  an  upper  median 
groove  like  the  prosencephalon.  At  their  base  a  pair  of  lobi 
iufeiiorea  are  constant,  with  the  hypophysis  and  laecus  vasm- 
losua  (a  conglomeration  of  vascular  loops  without  medullary 
ssbstance)  between  them. 

The  cerebellum  is  very  ]&xge,  overlying  a  portion  of  the 
optic  lobes  and  of  the  sinus  rhomboidalis,  and  is  frequently 
tiansversely  grooved.  The  side-walls  of  the  fourth  ventricle, 
"Wch  are  formed  by  the  corpora  restiformia,  are  singularly 
folded,  and  appear  as  two  pads,  one  on  each  side  of  the  cere- 
^nm  {lobi  poderiores  B.  lobi  nerri  trigemini). 

The  bnun  of  the  CydoOotms  (Figs.  44, 45)  represents  a  type 
^«ieiit  from  that  of  other  fishes,  showing  at  its  upper  surface 


Rg.  44~Bnlii  of  Bdelloitom*.     (&ilug«d,  &rtcr  Hiiller.) 
L,  Dppvr ;  II.,  Lmnr  npeeU  Lettm  u  in  fig.  46. 

tiaee  pain  of  protuberances  in  &ont  of  the  cerebellum  ;  they 
sue  all  solid.  Their  horoologiea  are  not  yet  satisfactorily  deter- 
mined, parts  of  the  Myxinoid  brain  havii^  received  by  the 
game  obaervers  determinations  very  different  from  those  given 
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to  the  corresponding  parts  of  the  brain  of  the  LompreyB. 


Fig.  46.— Brain  of  PetroinyioD.      (Euluged,  iftcr  Hullar.) 

I-,  Upper  ;  II.,  Lower  sspect. 
a,  Medullit  oblongBtB ;  ac,  nerr.  sduticas  ;  b,  corpni  restifonnc  or  nidim 
cerebeUnm  ;  d,  Inboa  vantricull  tertii ;  d',  entnuux  into  Uie  third  van 
t,  hypopbysis ;  /a,  nerr.  f&ci&IlB ;  g,  nerv.  opttcus ;  A,  hemiiphar 
DCTT.  hypoglouua  (so  named  bj  MUIIer] ;  ^  lobas  olfactorios ;  k, 
rhombnidalU ;  I,  epipbjaii ;  m,  oerr.  ocolo-moloTiaa ;  ;,  tMrport.  c 
gemina  ;  tr,  nerr.  trigeminiu  ;  tro,  nerv.  tmchliiailB ;  o,  nerr.  Tapu. 

foremost  pair  are  the  large  olfactory  tubercles,  'whict 
exceedingly  large  in  Petromyzon.    They  are  followed  b; 
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hemispheres,  with  a  single  body  wedged  in  between  their 
posterior  half;  in  Fetromyzon,  at  least,  the  vascular  tissue 
leading  to  an  epiphysis  seems  to  be  connected  with  this  body. 
Then  foUows  the  lobus  ventriculi  tertii,  distinctly  paired  in 
Myxinoids,  less  so  in  Petromyzon.  The  last  pair  are  the 
^rjKfra  quadrigemina.  According  to  this  interpretation  the 
cerebellum  would  be  absent  in  Myxinoids,  and  represented  in 
^^romyzoii  by  a  narrow  commissure  only  (Fig.  45,6),  stretching 
<^V€r  the  foremost  part  of  the  sinus  rhomboidalis.  In  the 
**Iyxinoids  the  medtUla  oblongata  ends  in  two  divergent  swell- 

• 

^gs,  free  and  obtuse  at  their  extremity,  from  which  most  of 
^lie  cerebral  nerves  take  their  origin. 

The  Nerves  which  supply  the  organs  of  the  head  are  either 

Merely  continuations  or  diverticula  of  the  brain-substance,  or 

pi^)per  nerves  taking  their  origin  from  the  brain,  or  receiving 

^heir  constituent  parts  from  the  foremost  part  of  the  spinal 

c^ord.    The  number  of  these  spino-cerebral  nerves  is  always 

less  than  in  the  higher  vertebrates,  and  their  arrangement 

Varies  considerably. 

A.  Nerves  which  are  diverticula  of  the  brain  (Figs.  41-45). 

The  olfactory  nerves  (first  pair)  always  retain  their  inti- 

^te  relation  to  the  hemispheres,  the  ventricles  of  which  are 

^ot  mrely  continued  into  the  tubercle  or  even  pedicle  of  the 

^^r^es.    The  different  position  of  the  olfactory  tubercle  has 

l^n  aheady  described  as  characteristic  of  some  of  the  orders 

^f  fishes.     In  those  fishes  in  which  the  tubercle  is  remote 

^m  the  brain,  the  nerve  which  has  entered  the  tubercle  as 

*  single  stem  leaves  it  split  up  into  several  or  numerous 

t^ches,  which  are  distributed  in  the  nasal  organ.     In  the 

other  fishes  it  breaks  up  into  branchlets  spread  into  a  fan-like 

expansion  at  the  point,  where  it  enters  the  nasal  cavity.    The 

nerve  always  passes  out  of  the  skull  through  the  ethmoid. 
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The  op^fc  nerves  (second  pair)  vary^  in  size,  their  stren* 
corresponding  to  the  size  of  the  eye ;  they  take  their  on 
from  the  lobi  aptiei,  the  development  of  which  again  is  j; 
portionate  to  that  of  the  nerves.  The  mutual  relation  of 
two  nerves  immediately  after  their  origin  is  very  characi 
istic  of  the  sub-classes  of  fishes.  In  the  Cydostames  they  h 
no  further  connection  with  each  other,  each  going  to  the 
of  its  own  side.^  In  the  Tekostei  they  simply  cross  each  ot 
{decussate),  so  that  the  one  starting  from  the  right  half  of 
brain  goes  to  the  left  eye  and  vice  versa.  Finally,  in  Palm 
thyes  the  two  nerves  are  fused  together,  immediately  a: 
their  origin,  into  a  chiasma.  The  nerve  is  cylindrical 
some  portion  of  its  course,  but  in  most  fishes  gradually  chan 
this  form  into  that  of  a  plaited  band,  which  is  capabL 
separation  and  expansion.  It  enters  the  bulbus  genen 
behind  and  above  its  axis.  The  foramen  through  whicl 
leaves  the  skull  of  Teleostei  is  generally  in  a  membran 
portion  of  its  anterior  wall,  or,  where  ossification  has  ta] 
place,  in  the  orbito-sphenoid. 

B.  Nerves  proper  taking  their  origin  from  the  brain 

(Figs.  41-45). 

The  Nerws  oeulorum  motorius  {third  pair)  takes  its  or 
from  the  Pedunculus  cerebri,  close  behind  the  lobi  inferio: 
it  escapes  through  the  orbito-sphenoid,  or  the  membi 
replacing  it,  and  is  distributed  to  the  muscuU  rectus  supei 
rectus  intemus,  obUquus  inferior,  and  rectus  inferior, 
size  corresponds  to  the  developihent  of  the  muscles  of 
eye.  Consequently  it  is  absent  in  the  blind  AmUyopsis, 
the  Myxinoids.  In  Zepidosiren  the  nerves  supplying 
muscles  of  the  eye  have  no  independent  origin,  but  are  ; 

^  According  to  Langcrhans  **  Untersuchungen  uber  Petromyzon  plai 
(Freiburg,  1878)  an  optic  chiasma  exists  in  that  species. 
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of  the  ophthalmic  division  of  the  Trigeminus.  In  Petromyzon 
these  muscles  are  supplied  partly  from  the  Trigeminus,  partly 
^y  a  nerve  representing  the  Oculo-motor  and  Trochlearis, 
^hich  are  fused  into  a  common  trunk. 

The  Nervus  trochlearis  {fowrth  pair),  if  present  with  an 
^Independent  origin,  is  always  thin,  taking  its  origin  on  the 
^Pper  surfiace  of  the  brain  from  the  groove  between  lobus 
opticus  and  cerebellum;  it  goes  to  the  Musculus  obUquus 
superior  of  the  eye. 

C.  Nerves  taking  their  origin  from  the  Medulla  oblongata 

(Figs.  41-45). 

The  Nervus  abducens  (sixth  pair)  issues  on  the  lower  surface 
^f  the  brain,  taking  its  origin  from  the  anterior  pyramids  of 
tile  Medulla  oblongata,  and  supplies  the  Musculus  rectus 
^xtemus  of  the  eye,  and  the  muscle  of  the  nictitating  mem- 
^e  of  Sharks. 

The  Nervus  trigeminus  {fifth  pair)  and  the  Nervus  fa/dalis 
[^fimOipair)  have  their  origins  close  together,  and  enter  into 
intunate  connection  with  each  other.  In  the  Chondroptery- 
pans  and  most  Teleostei  the  number  of  their  roots  is  four,  in 
4e  Stoigeons  five,  and  in  a  few  Teleostei  three.  When  there 
^  four,  the  first  issues  immediately  below  the  cerebellum 
^  the  side  of  the  Medulla  oblongata ;  it  contains  motory 
^d  sensory  elements  for  the  maxillary  and  suspensorial 
^^es,  and  belongs  exclusively  to  the  trigeminal  nerve.  The 
^nd  root>  which  generally  becomes  free  a  little  above  the 
^supplies  especially  the  elements  for  the  Bamus  palatinus, 
^Mch  sometimes  unites  with  parts  of  the  Trigeminal,  seme- 
mes with  the  Facial  nerve.  The  third  root,  if  present,  is  very 
SDiall,  and  issues  immediately  in  front  of  the  acustic  nerve, 
^d  supplies  part  of  the  motor  elements  of  the  facial  nerve. 
The  fourth  root  is  much  stronger,  sometimes  double,  and  its 
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elemente  pass  again  partly  into  the  Trigeminal,  partly  into  tl 
Facial  nerve.  On  the  passage  of  these  stems  through  tl 
skull  (through  a  foramen  or  foramina  in  the  alisphenoid)  th< 
form  a  ganglionic  plexus,  in  which  the  palatine  ramus  ai 
the  first  stem  of  the  Trigeminus  generally  possess  discre 
ganglia.  The  branches  which  issue  from  the  plexus  ai 
belong  exclusively  to  the  Trigeminus,  supply  the  organs  ai 
integuments  of  the  frontal,  ophthalmic,  and  nasal  regions,  ai 
the  upper  and  lower  jaws  with  their  soft  parts.  The  Faci 
nerve  supplies  the  muscles  of  the  gill-cover  and  susi)ensoriu 
and  emits  a  strong  branch  accompanying  the  Meckelian  cf 
tilage  to  the  sjrmphysis,  and  another  for  the  hyoid  apparati 

The  Nervus  acusticus  {eighth  pair)  is  strong,  and  takes  : 
origin  immediately  behind,  and  in  contact  with,  the  last  ro 
of  the  seventh  pair. 

The  Nervus  glosso-pharyngeus  {ninth  pair)  ^  takes  its  orig 
between  the  roots  of  the  eighth  and  tenth  nerves,  and  issu 
in  Teleostei  from  the  cranial  cavity  by  a  foramen  of  tl 
exoccipitaL  In  the  Cyclostomes  and  Lepidosiren  it  is  pa 
of  the  Nervus  vagus.  It  is  distributed  in  the  pharyngeal  ai 
lingual  regions,  one  branch  supplying  the  first  branchial  arc 
After  having  left  the  cranial  cavity  it  swells  into  a  ganglio 
which  in  Teleostei  is  always  in  communication  with  il 
sympathic  nerve. 

The  Nervtbs  vagus  or  pneumogastricus  {tenth  pair)  rises  i 
all  Teleostei  and  Palaeichthyes  with  two  discrete  strong  rooti 
the  first  constantly  from  the  swellings  of  the  corpora  rest 
formia,  be  they  thinner  or  thicker  and  overlying  the  sini 
rhomboidalis,  or  be  they  developed  into  lateral  plaited  pad 
as  in  Acipenser  and  Chondropterygians.  The  second  muc 
thicker  root  rises  from  the  lower  tracts  of  the  medulla  obloi 
gata.    Both  stems  leave  the  cranial  cavity  by  a  common  for 

^  This  nerve  is  not  shown  in  the  figure  of  the  brain  of  the  Perch  (Fig.  i) 
as  reproduced  above  from  Cuvier. 
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^J^^u,  situated  in  Teleosteous  fishes  in  the  exoccipital;  and 
form  ganglionic  swellings,  of  which  those  of  the  lower  stem 
are  the  more  conspicuous.   The  lower  stem  has  mixed  elements, 
ittotoiy  as  well  as  sensory,  and  is  distributed  to  the  muscles 
of  the  branchial  arches  and  pharynx,  the  oesophagus  and 
stomach;  it  sends  filaments  to  the  heart  and  to  the  air- 
Wadder  where  it  exists.    The  first  (upper)  stem  forms  the 
Nervus  lateralis.     This  nerve,  which  accompanies  the  lateral 
mucous  system  of  the  trunk  and  tail,  is  either  a  single  longi- 
tudinal stem,  gradually  becoming  thinner  behind,  running 
superficially  below  the  skin  (Salmonidse,  Cyclopterus),or  deeply 
between  the  muscles  (Sharks,  Chimsera),  or  divided  into  two 
parallel  branches  (most  Teleostei) :  thus  in  the  Perch  there 
«e  two  branches  on  each  side,  the  superficial  of  which  sup- 
plies the  lateral  line,  whilst  the  deep-seated  branch  communi- 
cates with  the  spinal  nerves  and  supplies  the  septa  between 
the  myocommas  and  the  skin.    In  fishes  which  lack  the  lateral 
niuciferous  system  and  possess  hard  integuments,  as  the  Ostra- 
cions,  the  lateral  nerve  is  more  or  less  rudimentary.     It  is 
«itirely  absent  in  Myxinoids,  but  the  gastric  branches  of  the 
Vagus  are  continued,  united  as  a  single  nerve,  along  the  intes- 
tine to  the  anus. 

Kg  fish  possesses  a  Nerous  accessoritis.  Also  a  separate 
Kervus  Kypoglossus  {twdfth  pair)^  is  absent,  but  elements 
^  the  first  spinal  nerve  are  distributed  in  the  area 
^^onnaUy  supplied  by  this  nerve  in  higher  vertebrates. 

The  number  of  Spinal  nerves  corresponds  to  that  of  the 
^tttehrae,  through  or  between  which  they  pass  out.  Each 
^teive  has  two  roots,  an  anterior  and  posterior,  the  former  of 
^hich  has  no  ganglion,  and  exclusively  contains  motor 
fifements.    The  posterior  or  dorsal  has  a  ganglionic  enlarge- 

'  Hiiller  conaiden  a  nerve  rising  jointly  with  the  Vagus  in  Petromyzon  to 
be  this  nerre  (Fig.  45,  hy). 
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ment^  and  contains  sensory  elements  only.  After  lea^ 
vertebral  canal  each  spinal  nerve  usually  divides 
dorsal  and  ventral  branch.  The  Oadoids  show  that  pe< 
that  each  of  the  posterior  roots  of  some  or  many  of  th 
nerves  possesses  two  separate  threads,  each  of  whic 
ganglion  of  its  own ;  the  one  of  these  threads  joins  tb 
and  the  other  the  venlral  branch.  In  fishes  in  w] 
spinal  chord  is  very  short,  as  in  Plectognaths,  Lopl 
roots  of  the  nerves  are  extremely  long,  forming 
Cauda  equina.  The  additional  function  which  tl 
anterior  spinal  nerves  of  Trigla  have  to  perform  in  si 
the  sensitive  pectoral  appendages  ai 
muscles  has  caused  the  development  of  \ 
series  of  globular  swellings  of  the  corres 
portion  of  the  spinal  chord.  A  similar  s 
is  found  in  Pdynemus. 

A  Sympathic  nervous  system  appea 
Fig.  46.  absent  in  Branchiostama,  and  has  not  ] 
Brain  and  an-  clearly  made  out  in  Cydostames.  It 
of'uie^inal  developed  in  the  FalmcfUhyes,  but 
chordofTrig-  cephalic  portion.  This  latter  is  presen 
showinir  the  Osseous  fishcs,  in  which  communicatio] 
gioboiarswei-  Sympathic  has  been  found  to  exist  ' 

anterior  spi-  acustic.    The  sympathic  trunks  run  ale 

nal  nerres.        gj^j^  ^f  ^j^^  g^^^  ^^^  ^^le  back  of  the   I 

into  the  haemal  canal ;  communicate  in  their  course  i 
ventral  branches  of  ectch  of  the  spinal  nerves ;  and 
often  blend  together  into  a  common  trunk  ben< 
tail.  At  the  poiats  of  communication  with  the  cere 
spinal  nerves  frequently  ganglia  are  developed,  firoi 
nerves  emferge  which  are  distributed  to  the  various  vi 


CHAPTER  VIL 

THE  ORGANS  OF  SENSE. 

Chabacteristic  of  the  Organ  of  Smell  in  Fishes  is  that  it 
IttB  no  relation  whatever  to  the  respiratory  function,  with  the 
exception  of  the  Dipnoi,  in  which  possibly  part  of  the  water 
iweived  for  respiration  passes  through  the  nasal  sac. 

The  olfactory  organ  is  single  in  Branchiostoma  and  the 
Cydottomes.  In  the  fonner  a  small  depression  on  the  front 
end  of  the  body,  clothed  with  a  ciliated  epithelium,  is  re- 
garded as  a  rudimentary  organ  of  smell.  In  the  adult 
Pdnmyzan  a  membranous  tube  leads  from  the  single  opening 
on  the  top  of  the  head  into  the  cartilaginous  olfactory  capsule, 
the  inside  of  which  is  clothed  by  membranes  prolonged  into 
*  posterior  blind  tube  (Fig.  30,  s),  which  penetrates  the  carti- 
laginous roof  of  the  palate,  but  not  the  mucous  membrane 
of  the  buccal  cavity.  In  the  Myxinoids  the  outer  tube  is 
strengthened  by  cartilaginous  rings  like  a  trachea ;  the  capsule 
M  lined  by  a  longitudinally  folded  pituitary  membrane,  and 
Ae  posterior  tube  opens  backwards  on  the  roof  of  the  mouth ; 
the  opening  is  provided  with  a  valve. 

In  all  other  Fishes  the  organ  of  smell  is  double,  one  being 
^  each  side ;  it  consists  of  a  sac  lined  with  a  pituitary 
Diembrane,  and  without,  or  with  one  or  two,  openings.  The 
position  of  these  openings  is  very  diflferent  in  the  various 
orfers  or  suborders  of  Fishes. 

In  the  Dipnoi  the  nasal  sac  opens  downwards  by  two  wide 
openings  which  are  within  the  boundaries  of  the  cavity  of  the 


no 
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Fig.  47. — NoBtrilfl  of  Rata  lemprieri,  with 
nasal  flaps  reverted. 


mouth.     The  pituitary  membrane  is  transversely  folded,  t 

transverse  folds  being  • 
vided  by  one  longitudii 
fold.  The  walls  of  the  i 
are  strengthened  by  st 
dry  smaU  cartilages. 

Also  in  Chxmdropte^ 
gians  the  openings, 
which  there  is  one 
each  sac,  are  on  the  loi? 
part  of  the  snout,  and 
the  Eays,Holocephali,  8 
some  Sharks,  each  < 
tends  into  the  cleft  of  1 
mouth.  The  openings  i 
protected  by  valvular  flaps,  supported  by  small  cartilag 
and  moved  by  muscles,  whence  it  may  be  concluded  tl 
these  fishes  are  able  to  scent  (actively)  as  well  as  to  sm 
(passively). 

In  the  majority  of  Teleostei  the  olfactory  capsules  i 
lateral  or  superior  on  the  snout,  covered  externally  by  1 
skin,  each  usually  pierced  by  two  openings,  which  are  eitl 
close  together,  or  more  or  less  remote  from  each  other ;  1 
posterior  is  generally  open,  the  anterior  provided  with  a  va] 
or  tube.  In  the  Chromides  and  Ldbroidd  ctenoidei  a  sinj 
opening  only  exists  for  each  sac.  In  the  Murcenidcd  the  t 
openings  of  each  side  are  either  superior,  or  lateral,  or  lab: 
that  is,  they  are  continued  downwards  and  pierce  the  man 
of  the  upper  lip.  In  many  Tetrodonts  nasal  openings  \ 
absent,  and  replaced  by  a  conical  papilla,  in  which  the  ol£act< 
nerve  terminates. 

It  is  certain  that  fishes  possess  the  faculty  of  perceivi 
odours,  and  that  various  scents  attract  or  repel  them, 
mangled  carcase  or  fresh  blood  attracts  Sharks  as  well  as  1 
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voracious  Serrasal  monoids  of  the  South  American  rivers. 
There  is  no  reason  to  doubt  that  the  seat  of  that  perception  is 
^  the  olfactory  sac ;  and  it  may  be  reasonably  conjectured 
that  its  strength  depends  mainly  on  the  degree  of  develop- 
naent  indicated  by  the  number  and  extent  of  the  interior  folds 
of  the  pituitary  membrane. 

Organ  of  Sight. — The  position,  direction,  and  dimensions 
of  the  eyes  of  fishes  vary  greatly.    In  some  they  have  an 
upward  aspect,  and  are  often  very  close  together ;  in  others 
Giey  are  lateral,  and  in  a  few  they  are  even  directed  down- 
^^aids.    The  Flat-fishes  represent  the  extraordinary  anomaly 
tiiat  both  eyes  are  on  the  same  side  of  the  head,  and  rarely- 
on  the  same  level,  one  being  generally  placed  more  forward 
than  the  other.    In  certain  species  of  marine  fishes  the  eyes 
Me  of  an  extraordinary  size,  a  peculiarity  indicating  that  the 
fish  either  lives  at  a  great  depth,  to  which  only  a  small  pro- 
portion of  the  rays  of  light  penetrate,  or  that  it  is  of  nocturnal 
kabits.    In  fishes  which  have  descended  to  such  great  depths 
that  no  rays  whatever  can  reach  them,  or  in  fresh-water  fishes 
living  in  caves,  or  in  species  which  grovel  and  live  constantly 

• 

ui  mud,  the  eyes  are  more  or  less  aborted,  sometimes  quite 
nidimentary,  and  covered  by  the  skin.  In  very  few  this 
oi^an  appears  to  be  entirely  absent.  In  some  Gobioids  and 
Tiachinoids  (Periop}Uhalmiis,Boleophthalmii$,  Uronoscopus,  etc.) 
tlie  eyes,  which  are  on  the  upper  side  of  the  head,  can  be  elevated 
^i  depressed  at  the  will  of  the  fish.  In  the  range  of  their 
^^8K)n  and  acuteness  of  sight.  Fishes  are  very  inferior  to  the 
l^er  classes  of  Vertebrates,  yet  at  the  same  time  it  is 
€^nt  that  they  perceive  their  prey  or  approaching  danger 
^  a  considerable  distance ;  and  it  would  appear  that  the 
^"isual  powers  of  a  Ptriophthalmus,  when  hunting  insects  on 
mud-flats  of  the  tropical  coasts,  are  quite  equal  to  that  of  a 
frog.  Again,  the  discrimination  with  which  fishes  sometimes 
prefer  one  colour  or  kind  of  artificial  fly  to  another  affords 
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sufficient  evidence  that  the  vision,  at  least  of  certain  specie 
is  by  no  means  devoid  of  clearness  and  precision. 

The  eye  of  Branchiostoma  is  of  the  most  rudimentaiy  coi 
dition.  It  is  simply  a  minute  speck,  coated  by  dark  pigmen 
and  receiving  the  end  of  a  short  nerve.  In  Myxinaids  tli 
minute  rudiment  of  the  eye  is  covered  by  the  skin  and  mm 
cles.  This  is  also  the  case  in  many  of  the  blind  Jeleosteoi 
fishes;  however,  whilst  in  the  former  fishes  the  organ  of  s)^ 
has  not  attained  to  any  degree  of  development,  the  rudimen 
ary  eye  of  blind  Teleostei  is  a  retrogressive  formation,  in  whic 
often  a  lense  and  other  portions  of  the  eye  can  be  recognises 
In  fishes  with  a  well-developed  eye  it  is  imbedded  in  a  layi 
of  gelatinous  and  adipose  substance,  which  covers  the  cavity  < 
the  orbit.  A  lacrymal  gland  is  absent.  In  the  orbit  of  one  fis 
only,  Chorismodentex,  an  organ  has  been  found  which  can  b 
compared  to  a  sacciis  lacrynuUis.  It  is  a  round,  blind,  wid 
sac,  of  the  size  of  a  pea,  situated  below  the  anterior  comer  c 
the  orbit,  between  the  maxillary  bone  and  the  muscles  of  th 
cheek,  communicating  by  a  rather  wide  foramen  with  tb 
orbital  cavity.  The  membrane  by  which  it  is  formed  is  con 
tinuous  with  that  coating  the  orbita.  In  the  Chondropteij 
gians  the  eyeball  is  supported  by  and  moves  on  a  cartilaginoi] 
peduncle  of  the  orbital  walL  In  the  majority  of  Teleosteani 
and  in  Acipenser,  a  fibrous  ligament  attaches  the  sclerotic  t 
the  wall  of  the  orbit.  The  proper  muscles  of  the  eyeba 
exist  in  all  fishes,  and  consist  of  the  four  Musculi  recti  and  tfa 
two  M,  obliqui.  In  many  Teleostei  the  former  rise  from 
subcranial  canal,  the  origin  of  the  M.  rectus  extemus  bein 
prolonged  farthest  backwards.  The  Recti  muscles  are  extn 
ordinarily  long  in  the  Hammerheaded  Sharks,  in  which  the 
extend  from  the  basis  crauii  along  the  lateral  prolongatioi 
of  the  head  to  the  eyes,  which  are  situated  at  the  extremitic 
of  the  hammer. 

In  all  fishes  the  general  integument  of  the  head  pass< 
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v-er  the  eye,  and  becomes  taransparent  where  it  enters  the 

x\>it ;  sometimes  it  simply  passes  over  the  orbit,  sometimes 

it  forms  a  circular  fold.    The  anterior  and  posterior  portions 

1X^7  be  especially  broad  and  the  seat  of  an  adipose  deposit 

(lipase  ejfdids),  as  in  Scomber,  Carcmx,  MiigU,  etc.    In  many 

oE  these  fishes  the  extent  of  these  eyelids  varies  with  the 

seasons ;  daring  the  spawning  season  they  are  so  much  loaded 

with  &t  as  nearly  to  hide  the  whole  eye.    Many  Sharks  pos- 

9^  a  nidUcUing  membrane,  developed  from  the  lower  part  of 

tie  palpebral  fold,  and  moved  by  a  proper  set  of  muscles. 

The  form  of  the  biUbtts  (Fig.  48)  is  subhemispherical,  the 
wmea  {co)  being  flat  If  it  were  convex,  as  in  higher  Verte- 
fcatea,  it  would  be  more  liable  to  injury ;  but  being  level  with 
the  side  of  the  head  the  chances  of  injury  by  friction  are  dim- 
inished. The  sclerotica  (sc)  is  cartilaginous  in  Chondropterygians 
ud  Acipensers,  fibrous  and  of  varying  thickness  in  Teleosteans, 
in  the  majority  of  which  it  is  supported 
^7  a  pair  of  cartilaginous  or  ossified 
kemigpheroid  cups  (c).  In  a  few  fishes, 
M  in  Ceratodus,  JCiphias,  the  cups  are 
^uent  into  one  cup,  which  possesses 
I  foramen  behind  to  allow  the  passage 
rf  the  optic  nerve  (p).    The  cornea  of  pjg,  43, 

•^Mifepg   shows   an    unique  pecidiarity.    Vertical  section  through 

a,     ,  J     1      i_     •        i.  1        «y«  of  Xiphiaa.    (After 

18  crossed    by    a    dark    horizontal      o!^^^) 

•Wpe    of    the    conjunctiva,    dividing    it   co,  Comea ;  #c,  sclerotica ; 

iatoan  upper  and  lower  portion;  also  the     t;,!^^^'  ^ 

"ii  is  perforated  by  two  pupils.    This  fish       memtoana     aigentea; 

» olwrved  to  swim  frequently  with  half     •.n'""^""  ~e»io» ; 

*  "^  ^  14,  membrana  urea ;  cA, 

<^  its  head  out  of  the  water,  and  it  is  a      choroid  gland;  r,  re- 
fcctthat  it  can  see  out  of  the  water  as      *^*5  /»  process^  fid- 

ciformis ;      h,    humor 
^  as  in  it  yitreus  ;    Z,    lens ;    i, 

The   membranes    situated   between      "^• 
fte  sclerotica  and  retina  are  collectively  called  ckoroidea,  and 

I 
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three  in  number.  The  one  in  immediate  contact  with  t1 
sclerotic,  and  continued  upon  the  iris,  is  by  no  means  constant 
present;  it  is  the  merribrana  argerUea  (a),  and  composed 
microscopical  crystals  reflecting  a  silvery  or  sometimes  gold 
lustre.  The  middle  layer  is  the  membrana  vascvlosa  s.  halU 
{y)y  the  chief  seat  of  the  ramifications  of  the  choroid  vessel 
the  innermost  layer  is  the  memJbraTia  ruyscheana  or  uvea  (i 
which  is  composed  of  hexagonal  pigment-cells,  usually  of 
deep  brown  or  black  colour. 

In  many  Teleostei  a  rete  mirabUe  surrounds  the  entiy 
the  optic  nerve ;  it  is  situated  between  the  membrana  aige 
tea  and  vasculosa,  and  called  the  choroid  gland  {ch), 
receives  its  arterial  blood  from  the  artery  issuing  from  t 
pseudobranchia ;  the  presence  of  a  choroid  gland  always  bei 
combined  with  that  of  a  pseudobranchia.  Teleosteans  wi"i 
out  pseudobranchia  lack  a  choroid  gland.  In  the  Pakei« 
thyes,  on  the  other  hand,  the  pseudobranchia  is  present  a 
a  choroid  gland  absent. 

The  tm  {%)  is  merely  the  continuation  of  the  chort 
membrane;  its  capability  of  contracting  and  expanding 
much  more  limited  than  in  higher  Vertebrates.  The  pupU 
generally  round,  sometimes  horizontally  or  vertically  elliptici 
sometimes  fringed.  In  the  Bays  and  Fleuronectidse  a  lol 
descends  from  the  upper  margin  of  the  pupil,  and  the  ouU 
integument  overlying  this  lobe  is  coloured  and  non-tram 
parent;  a  structure  evidently  preventing  light  from  enterix 
the  eye  from  above. 

In  most  Teleostei  a  fold  of  the  Choroidea,  called  the  iV 
cessusfcddformis  (/),  extends  from  the  vicinity  of  the  entrant 
of  the  optic  nerve  to  the  lens.  It  seems  to  be  constant 
absent  in  Ganoids. 

The  retina  (r)  is  the  membrane  into  which  the  optic  ner 
penetrates,  and  in  which  its  terminal  filaments  are  disti 
buted.    It  consists  of  several  layers  (Fig.  49).    The  outermo 
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is  an  extremely  delicate  membrane  (a),  followed  by  a  layer 

of  nerve-cells  (b),  from  which  the  ter- 

QUnal  filaments   issue,  passing  through 

B^verat  granular  strata  (c,  d,  e),  on  which 

tlte  innermost  stratum  rests.     This  stra- 

t^Wn  is  composed  of  cylindrical  rods  {/) 

'eitically  arranged,  between  which  twin 

'u^orm  corpuscles  (y)  are  intercalated. 

Xlus  last  layer  is  thickly  covered  with 

•■     dark  pigment.      The  retina  extends  , 

'^■^er  a  portion  of  the  iris,  and  a  well- 
-defined raised  rim  runs  aloi^  its  anterior 

**»«gin. 

The  vitreous    humour  (Fig.    48,   k) 

"^lich  fills  the  posterior  cavity  of  the  eye- 
■*«11,  is  of  a  firmer  consistency  than  in  the 

*»iglier  Vertebrates.     The  Una  is  spheri- 

'^wJ,  or  nearly  so;  firm,  denser  towards  Pig.  49.— V6rtiMi»ection 

tbe  centre,  and  lies  in  a  hoUow  of  the     °'  'J*  «*'""„  "i;^^ 

Perch,  taiga.  X  3G0. 

"^itKous   hmnottr.     "When  a   fidciform 

pxtcess  is  present,  it  is  with  one  end  attached  to  the  lens, 

"^luch  is  thns  steadied  in  its  position.     It  consists  of  eon- 

*®itric  layers  consisting  of  fibres, 

'kick  in  the  nucleus  of  the  body 

usve  marginal  teeth,  by  which  they 

"« interlocked  together.     In  Peiro- 

*poh  Htm  serrature  is  absent,  or 

nt  ^tly  indicated. 

The  anterior  cavity  of  the  eye  ' 
B  Toy  smalt  in  Fishes,  in  conse- 
Sneoce  of  the  small  d^ree  of  con- 
^^y  of  the  cornea ;  the  quantity 
of  the  aqoeotu  humour,  therefore,  is  very  small,  just  auffi- 
Quit  to  float  the  free  border  of  tiie  iris ;  and  the  lessened 
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refractive  power  of  the  aqueous  humour  is  compensated  I 
the  greater  convexity  of  the  lens. 

Organ  of  Hearing, — No  trace  of  an  organ  of  hearing  hi 
been  found  in  JBranchiostoma.  In  the  Cydostomes  the  lab; 
rinth  is  enclosed  in  externally  visible  cartilaginous  capsul* 
laterally  attached  to  the  skull ;  it  consists  of  a  single  sem 
circular  canal  in  the  Myxinoids,  whilst  the  Petromyzont 
possess  two  semicircular  canals  with  a  ve^ibulunu 

In  all  other  fishes  the  labyrinth  consists  of  a  vestiba 
and  three  semicircular  canals,  the  vestibule  dilating  into  oi 
or  more  sacs  which  contain  the  otoliths.  A  tympanum,  tyn 
panic  cavity,  and  external  parts,  are  entirely  absent  in  tl 
class  of  fishes. 

In  the  Chondropterygians  and  Dipnoi,  the  labyrinth 
enclosed  in  the  cartHaginous  substance  of  the  skulL  In  tl 
former  the  excavation  in  the  cartilage  is  lai^r  than  tt 
membranous  labyrinth,  but  nearly  corresponds  to  it  in  fbm 
the  part  which  receives  the  membranous  vestibulum  is  callc 
Vestibulum  cartilagineum,  from  which  a  canal  issues  as 
penetrates  to  the  surface  of  the  skull,  where  it  is  closed  I 
the  skin  in  Sharks,  but  opens  by  a  minute  foramen  in  Baj 
The  otolithic  contents  are  soft  and  chalklike. 

In  the  Holoctphfdi  part  of  the  labyrinth  is  enclosed  ui  tl 
cartilage  of  the  skull,  another  part  being  in  the  cranial  cavit 
as  in  Ganoids  and  Teleosteans.  The  membranous  vestibulu: 
is  continued  by  a  canal  to  a  single  opening  in  the  roof  of  tl 
skull,  from  which  two  smaller  canals  are  continued  to  t¥ 
small  foramina  in  the  skin  covering  the  occipital  r^on. 

In  the  Teleosteans  the  sac  which  contains  the  otblitl 
lies  on  each  side  of  the  base  of  the  cranial  cavity  and 
often  divided  by  a  septum  into  two  compartments  of  unequi 
size,  each  containing  a  firm  and  solid  otdUh;  these  bodi( 
(Fig.  51),  possess  indented  mai^s,  frequently  other  imprei 
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ions  and  grooveB,  in  which  nerves  from  the  N.  acusticns  are 
lodged ;  they  vary  much  in  size  and  form, 
bnt  in  both  respects  show  a  remarkable 
constancy    in  the  same    kind  of  fishes. 

The  vestibule  is  outwards  in  contact  with 

the  osseous  side  wall  of  the  skull,  inwards 

with   the   metencephalon    and    medulla   ^  « -otolith  of 

.  f  Haddock      (Gadna 

Oblongata ;  it  contams  another  firm  con-  sgiefinus).  i.  Outer, 
cretion,  and  opens  by  five  foramina  ^^  inner  aspect 
into  the  three  semicircular  canals.  The  terminations  of 
the  acnstic  nerve  are  distributed  over  the  vestibular  con- 
cretion and  the  ampulliform  ends  (Fig.  52  p)  of  the  semi- 
circular canals,  without  being  continued  into  the  latter,  which 
Me  filled  with  fluid.  The  semicircular  canals  (Fig.  52  g),  are 
sometimes  lodged  in  the  cranial  bones,  sometimes  partly 
free  in  the  cranial  cavity.  Many  Teleostei  have  fontanelles 
in  the  roof  of  the  skull,  closed  by  skin  or  very  thin  bone  only 
^  the  place  where  the  auditory  organ  approaches  the  surface, 
hj  which  means  sonorous  undulations  must  be  conducted  with 
greater  ease  to  the  ear. 

In  many  Teleostei  a  most  remarkable  relation  obtains 
h^een  the  organ  of  hearing  and  the  air-bladder.  In  the 
inost  simple  form  this  connection  is  established  in  Fercoids 
uulthe  allied  families,  in  which  the  two  anterior  horns  of  the 
air-bladder  are  attached  to  fontanelles  of  the  occipital  region 
rf  the  skull,  the  vestibulum  occupying  the  opposite  side  of 
^  membrane  by  which  the  fontanelle  is  closed.  The  cou- 
pon is  similar,  but  more  complicated  in  many  Clupeoids. 
^  anterior  narrow  end  of  the  air-bladder  is  produced  into  a 
<^  at  the  base  of  the  skull,  and  divided  into  two  very 
iiMiDw  branches,  which  again  bifurcate  and  terminate  in  a 
^bdar  swelling.  An  appendage  of  the  vestibulum  meets 
dtt  anterior  of  these  sweUings,  and  comes  into  close  contact 
^  it    Besides^  the  two  vestibules  communicate  with  each 


other  by  a  tiuuverBe  canal,  crossing  the  ciaoial  cavity  baL^ 
tha  brain. 

K 


The  connection  is  effected  by  means  of  a  chain  of 
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^i    SQuridcR^  Characintdce,   Cyprinidm  and   Oymnotidm.    A 
^sjial  issues  from  the  communication  between  vestibule  and 
^ts  sac,  and  meeting  that  from  the  other  side  forms  with  it  a 
common  sinus  impar  (Fig.  52,  r),  lodged  in  the  substance  of  the 
Iwtsi-occipital ;  this  communicates  on  each  side  by  a  small 
orifice  with  two  subspherical  atria,  on  the  body  of  the  atlas, 
close  to  the  foramen  magnum.    Each  atrium  is  supported 
externally  by  a  small  bone  (m) ;  a  third  larger  bone  {k)  com- 
pletes the  communication  with  the  anterior  part  of  the  air- 
bladder.    From  the  sinus  impar  a  bifid  canal  penetrates  into 
the  alisphenoids,  in  which  it  terminates.     In  Cobitis  and 
scTeral  Loach-like  Siluroids  the  small  air-bladder  consists  of 
^0  globular  portions  placed  side  by  side,  and  wholly  included 
within  two  buUse,  formed  by  the  modified  parapophyses  of 
ttie  second  and  third  vertebrae.    The  three  ossicles  on  each  side 
^le  present,  but  concealed  by  the  fore  part  of  the  osseous  bulla. 

Organ  of  Taste. — Some  fishes,  'especially  vegetable  feeders, 

^i  those  provided  with  broad  molar-like  teeth,  masticate  their 

food;  and  it  may  be  observed  in  Carps  and  other  Cyprinoid 

fish,  that  this  process  of  mastication  frequently  takes  some 

^e.   But  the  majority  of  fish  swallow  their  food  rapidly, 

•od  without  mastication,  and  therefore  we  may  conclude  that 

tile  sense  of  taste  cannot  be  acute.    The  tongue  is  often  en- 

^f  absent,  and  even  when  it  exists  in  its  most  distinct  state, 

^  consists  merely  of  ligamentous  or  cellular  substance,  and 

^  ttever  furnished  with  muscles  capable  of  producing  the 

dements  of  extension  or  retraction  as  in  most  higher 

'ertebiates.    A  peculiar  organ  on  the  roof  of  the  palate  of 

VTprinoids,  is  perhaps  an  organ  adapted  for  perception  of 

^  sense ;  in  these  fishes  the  palate  between  and  below  the 

'^PPw  phaiyngeal  bones  is  cushioned  with  a  thick,  soft  con- 

^''Wtfle  substance,  richly  supplied  with  nerves  from  the  Nervi 

^^  and  glossophaiyngeus. 
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OrgaTis  of  Touch, — The  faculty  of  touch  is  more  develops 
than  that  of  taste,  and  there  are  numerous  fishes  which  posses 
special  organs  of  touch.  Most  fishes  are  very  sensitive  t 
external  touch,  although  their  body  may  be  protected  by  has 
homy  scales.  They  perceive  impressions  even  on  those  pan 
which  are  covered  by  osseous  scutes,  in  the  same  manner  n 
a  tortoise  perceives  the  slightest  touch  of  its  carapace.  Tt 
seat  of  the  greatest  sensitiveness,  however,  appears  to  be  tl 
snout  and  the  labial  folds  surrounding  the  mouth.  Man 
species  possess  soft  and  delicate  appendages,  called  barbel 
which  are  almost  constantly  in  action,  and  clearly  used  a 
organs  of  touch.  Among  the  TriglidxB  and  allied  families 
there  are  many  species  which  have  one  or  more  rays  of  tlu 
pectoral  fin  detached  from  the  membrane,  and  supplied  wiH 
strong  nerves.  Such  detached  rays  (also  found  in  the  Pelf 
nemidcR,  BcUhypterois)  are  used  partly  for  locomotion,  parti] 
for  the  purpose  of  exploring  the  ground  over  which  the  fial 
moves. 

Some  fish  appear  to  be  much  less  sensitive  than  others,  o 
at  least  lose  their  sensitiveness  under  peculiar  circumstances 
It  is  weU  known  that  a  Pike,  whose  mouth  has  been  lacerates 
and  torn  by  the  hook,  continues  to  yield  to  the  temptatioi 
of  a  bait  immediately  aiterwards.  The  Greenland  Shar] 
when  feeding  on  the  carcase  of  a  whale  allows  itself  to  b 
repeatedly  stabbed  in  the  head  without  almndoning  its  pre} 
A  pair  of  Congers  are  so  dead  to  external  impression  at  th 
time  of  copulation,  and  so  automatically,  as  it  were,  engaged 
that  they  have  been  taken  by  the  hand  together  out  of  th' 
water. 


CHAPTER  VIII. 

THE  OKGANS  OF  NUTRITION  AND  DIGESTION. 

Fishes  are  either  exclusively  carnivorous  or  herbivorous, 
Wt  not  a  few  feed  on  vegetable  substances  as  well  as  animal, 
ot  on  mud  containing  alimentary  substance  in  a  living  or 
deccMnposing  state.  Generally  they  are  very  voracious,  espe- 
oally  the  carnivorous  kinds,  and  the  rule  of  "  eat  or  be  eaten  " 
applies  to  them  with  unusual  force.  They  are  almost  con- 
stantly engaged  in  the  pursuit  and  capture  of  their  prey,  the 
degree  of  their  power  in  these  respects  depending  on  the 
dimensions  of  the  mouth  and  gullet  and  the  strength  of  the 
teeth  and  jaws.  If  the  teeth  are  sharp  and  hooked,  they  are 
capable  of  securing  the  most  slender'  and  agile  animals ;  if 
tlus  kind  of  teeth  is  combined  with  a  wide  gullet  and  disten- 
sible stomach,  they  are  able  to  overpower  and  swallow  other 
Ml  larger  than  themselves ;  if  the  teeth  are  broad,  strong 
Jttolais,  they  are  able  to  crush  the  hardest  aliments ;  if  they 
aiB  feeble,  they  are  only  serviceable  in  procuring  some  small 
^  mert  and  unresisting  prey.  Teeth  may  be  wanting  alto- 
B^tber.  .Whatever  the  prey,  in  the  majority  of  cases  it  is 
shallowed  whole ;  but  some  of  the  most  voracious  fishes,  like 
*^me  Sharks  and  Characintdof,  are  provided  with  cutting 
teeth,  which  enable  them  to  tear  their  prey  to  pieces  if  too 
^ge  to  be  swallowed  whole.  Auxiliary  organs  for  the  pur- 
P^  of  overpowering  their  prey,  which  afterwards  is  seized 
or  torn  by  the  teeth,  like  the  claws  of  some  carnivorous 
iiuuQmals  and  birds,  are  not  found  in  this  class ;  but  in  a 
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few  fishes  the  jaws  themselves  are  modified  for  that  pu: 
pose.  In  the  Sword-fishes  the  bones  of  the  upper  jaw  for 
a  long  dagger-shaped  weapon,  with  which  they  not  oil 
attack  large  animals,  but  also  frequently  kill  fishes  on  whic 
they  feed.  The  Saw-fishes  are  armed  with  a  similar  b' 
stm  more  complicated  weapon,  the  saw.  which  is  ann. 
on  each  side  with  large  teeth  implanted  in  deep  socket 
specially  adapted  for  killing  and  tearing  the  prey  before  it 
seized  and  masticated  by  the  small  teeth  within  the  moutl 
Fishes  show  but  little  choice  in  the  selection  of  their  fow 
and  some  devour  their  own  ofispring  indiscriminately  wit 
other  fishes.  Their  digestive  powers  are  strong  and  rapi 
but  subject  in  some  degree  to  the  temperature,  which,  whc 
sinking  below  a  certain  point,  lowers  the  vital  powers  < 
these  cold-blooded  animals.  On  the  whole,  marine  fishes  a^ 
more  voracious  than  those  inhabiting  fresh  waters ;  and  whil 
the  latter  may  survive  total  abstinence  from  food  for  weel 
or  months,  the  marine  species  succumb  to  hunger  within 
few  days.  The  growth  of  fishes  depends  greatly  on  the  natu 
and  supply  of  food,  and  different  individuals  of  the  san 
species  may  exhibit  a  great  disparity  in  their  respective  dime] 
sions.  They  grow  less  rapidly  and  to  smaller  dimensions  i 
small  ponds  or  shallow  streams  than  in  laige  lakes  and  den 
rivers.  The  young  of  coast  fishes,  when  driven  out  to  sea,  whe 
they  find  a  much  smaller  supply  of  food,  remain  in  an  und 
veloped  condition,  assuming  an  hydropic  appearance.  Tl 
growth  itself  seems  to  continue  in  most  fishes  for  a  great  lengl 
of  time,  and  we  can  scarcely  set  bounds  to — certaiidy  we  kno 
not  with  precision — the  utmost  range  of  the  specific  size 
fishes.  Even  among  species  in  no  way  remarkable  for  the 
dimensions  we  sometimes  meet  with  old  individuals,  favou 
ably  situated,  which  more  or  less  exceed  the  ordinary  weigl 
and  measurement  of  their  kind.  However,  there  are  certa 
evidently  short-lived  species  of  fishes  which  attain  a  remar] 
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^^y  uniform  size  within  a  very  short  time ;  for  instance,  the 
Sticldeback,  many  species  of  Oobius  and  Clupea, 

The  organs  of  nutrition,  manducation,  and  deglutition,  are 
lodged  in  two  large  cavities — an  anterior  (the  mouth  or  buccal 
caviiy),  and    a  posterior  (the   abdominal   cavity).      In  the 
former  the  alimentary  organs  are  associated  with  those  ful- 
filling the  respiratory  functions,  the  transmission  of  food  to 
tbe  stomach  and  of  water  to  the  gills  being  performed  by 
amilar  acts  of  deglutition.    The  abdominal  cavity  commences 
immediately  behind  the  head,  so,  however,  that  an  extremely 
short  thoracic  cavity  for  the  heart  is  partitioned  off  in  front. 
Beside  the  alimentary  organs  it  contains  also  those  of  the 
wjgenital  system  and  the  air-bladder.     The  abdominal  cavity 
i  generally  situated  in  the  trunk  only,  but  in  numerous  fishes 
it  extends  into  the  tail,  being  continued  for  some  distance 
^ng  each  side  of  the  haemal  apophyses. 

In  numerous  fishes  the  abdominal  cavity  opens  outwards 
by  one  or  two  openings.  A  single  porus  ahdominalis  in  front 
of  the  vent  is  found  in  Lepidosiren  and  some  Sturgeons ;  a 
puied  one,  one  on  each  side  of  the  vent,  in  Ceratodus,  some 
species  of  Sturgeon,  Zqndostetis,  PolypteruSy  Amia,  and  all 
Chondropterygians.  As  in  these  fishes  semen  and  ova  are 
ischaiged  by  proper  ducts,  the  abdominal  openings  may  serve 
for  the  expulsion  of  semen,  and  those  ova  only  which,  having 
^  their  way  to  the  abdominal  aperture  of  the  oviduct,  would 
^retained  in  the  abdominal  cavity.  In  those  Teleosteans  which 
1^  an  oviduct  a  single  porus  genitalis  opens  behind  the  vent. 
The  maiUh  of  fishes  shows  extreme  variation  with  regard 
to  fonn,  extent,  and  position.  Generally  opening  in  front,  it 
^y  be  turned  upwards,  or  may  lie  at  the  lower  side  of  the 
^^  as  in  most  Chondropterygians,  Sturgeons,  and  some 
Teleosteans.  Vogt  regards  this  position  as  a  persistent  foetal 
cooditioii.    In  most  fishes  the  jaws  are  covered  by  the  skin. 
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which,  before  passing  over  the  jaws,  is  often  folded,  formir: 
more  or  less  fleshy  lips.  In  the  Sharks  the  skin  retains  r 
external  character  even  within  the  teeth,  but  in  other  fish^ 
it  changes  into  a  mucous  membrane.  A  tongue  may  exist  t 
a  more  or  less  free  and  short  projection,  formed  by  the  glossc 
hyal  and  a  soft  covering,  or  may  be  entirely  absent  SaLivwt 
glands  and  a  vdum  palati  are  absent  in  fishes. 

With  regard  to  the  derUition,  the  class  of  Fishes  offers  aJ 
amount  of  variation  such  as  is  not  found  in  any  of  the  othe 
classes  of  Vertebrates.  As  the  teeth  form  one  of  the  mos 
important  elements  in  the  classification  of  fishes,  their  specia 
arrangement  and  form  will  be  referred  to  in  the  account  c 
the  various  families  and  genera.  Whilst  not  a  few  fishes  ai 
entirely  edentulous,  in  others  most  of  the  bones  of  the  buccs 
cavity,  or  some  of  them,  may  be  toothed,  as  the  bones  of  th 
jaws,  the  palatines,  pterygoids,  vomers,  basi-sphenoid,  glo8S( 
hyal,  branchial  arches,  upper  and  lower  pharyngeals.  I 
others  teeth  may  be  found  fixed  in  some  portion  of  the  bucci 
membrane  without  being  supported  by  underlying  bone  c 
cartilage;  or  the  teeth  have  been  developed  in  membrao 
overlying  one  of  the  dentigerous  bones  mentioned,  withoi: 
having  become  anchylosed  to  the  bone.  When  the  tooth  : 
fixed  to  the  bone  the  attachment  has  generally  been  effecte 
by  the  ossification  of  the  bone  of  the  tooth,  but  in  some  fishi 
a  process  of  the  bone  projects  into  the  cavity  of  the  tooth ;  i 
others  the  teeth  are  implanted  in  alveoli.  In  these,  agau 
frequently  a  process  of  bone  rises  from  the  bottom,  on  whic 
the  tooth  rests. 

Many  fishes,  especially  predatory  fishes  with  long,  lance 
shaped  teeth,  have  all  or  some  of  the  teeth  capable  of  beii 
bent  inwards  towards  the  mouth.  Such  "hinged"  teet 
resume  at  once  the  upright  position  when  pressure  is  remove 
from  them.  They  are,  however,  depressible  in  one  directic 
only,  thus  offering  no  obstacle  to  the  ingress,  but  opposing  tl 
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egi'ess  of  prey.  Mr.  C.  S.  Tomes  has  shown  that  the  means 
I7  ^bich  this  mechanism  is  worked  are  different  in  different 
fishes ;  far  whilst,  in  the  Pediculati  and  Gadoids  (Hake)  the 
elasticity  resides  solely  in  the  tissue  of  the  hinge  (the  tooth 
being  as  resilient  as  ever  after  everything  else  is  severed),  in 
{he  Pike  the  hinge  is  not  in  the  least  endowed  with  elasticity, 
bat  the  bundles  of  fibres  proceeding  from  the  interior  of  the 
dentine  cap  are  exceedingly  elastic. 

As  regards  texture  the  teeth  of  fishes  show  considerable 
sanation.     Hie  conical  teeth  of  the  Cyclostomes  and  the 
setifonn  teeth  of  many  Teleoeteans  consist  of  a  homy  albumi- 
nous substance.    The  principal  substance  of  the  teeth  of  other 
fishes  consists  of  dentine,  with  numerous  dividing  and  anasto- 
BHJsing  tubercles,  sometimes  covered  by  a  stratum  of  unvas- 
eolar  dentine.    An  enamel-like  substance  has  been  observed 
on  the  crown  of  the  teeth  of  Sargvs  and  BalisteSy  and  an  ossi- 
fication of  the  capsule  of  their  matrix  covers  the  enamel  with 
a  thin  coating  of  cement.     The  teeth  either  possess  a  cavity 
in  which  the  matrix  is  received,  or,  more  frequently,  they  are 
solid,  in  which  case  vascular  canals  of  the  underlying  bone 
aie  continued  into  the  substance  of  the  tooth.     In  the  teeth 
of  some  fishes  numerous  sets  of  canals  and  tubes  are  so 
^Ranged  that  they  do  not  anastomose  with  one  another,  each 
set  being  surrounded  by  a  layer  of  dentine  and  cement. 
I^ese  apparently  simple  teeth  are  evidently  composed  of 
^^erous  small  teeth,  and  called  compound  teeth. 

The  teeth  may  be,  and  generally  are,  very  different  as 
'figarda  size  or  form  in  the  different  parts  of  the  mouth ;  they 
^y  be  abo  different  according  to  the  age  or  sex  of  the  fish 
(%»).  The  teeth  may  be  few  in  number  and  isolated,  or 
placed  in  a  single,  double,  or  triple  series,  distant  from  one 
•^Jother  or  closely  set;  they  may  form  narrow  or  broad  hands, 
^patdus  of  various  forms.  As  regards  form,  they  may  be 
cylindrical  or  conical,  pointed,  straight,  or  curved,  with  or 
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without  an  angular  bent  near  their  base ;  some  are  compressed 
laterally  or  from  the  front  backwards;  the  latter  may  1>0 
triangular  in  shape,  or  truncated  at  the  top  like  incisors  of 
mammals ;  they  may  have  one  apex  (cusp)  only,  or  be  hi-  or 
tri-lobate  (hi-  or  tri-cuspid);  or  have  the  margins  dentica- 
lated  or  serrated.    Compressed  teeth  may  be  confluent,  and 
form  a  cutting  edge  in  both  jaws,  which  assume  the  shape 
of  a  parrot's  beak  (Fig.  53).    In  some  the  apex  is  hooked 

or  provided  with  barte. 
Again,  some  teeth  are 
broad,  with  flat  or  convex 
surface,  like  molar  teeth. 
With  regard  to  size,  the 
finest  teeth  are  like  fine 
flexible  bristles,  cilii/arm 
or  setiform;  or,  if  very 
short  and  anchylosed  to 
the  bone,  they  appear 
only  as  inconspicuous  asperities  of  the  bone.  Very  fine  conical 
teeth  arranged  in  a  band  are  termed  vUliform  teeth ;  when 
they  are  coarser,  or  mixed  with  coarser  teeth,  they  are  card- 
like  (dents  en  rape  or  en  cardes)  (Fig.  64) ;  molar-like  teeth 
of  very  small  size  are  termed  granular. 

In  all  fishes  the  teeth  are  constantly  shed  or  renewed 
during  the  whole  course  of  their  life.  In  fishes  which  have 
compound  teeth,  as  the  Dipnoi,  Chimaeroids,  Scari,^  Gym- 
nodonts,  as  well  as  in  those  which  have  apparently  permanent 
teeth,  as  in  the  saw  of  Pristis,  the  detrition  of  the  surface  is 
made  up  by  a  constant  growth  of  the  tooth  from  its  base. 
When  the  teeth  are  implanted  in  alveoli,  they  are  generally 
succeeded  by  others  in  the  vertical  direction,  but  in  others 
they  succeed  one  another,  side  by  side.    In  the  majority  of 

^  On  the  development  and  stnictnre  of  the  dentition  of  Searina,  see  Boat, 
•<  Die  Zahne  der  Scaroiden,"  in  Zeitschr.  f.  WIbs.  Zoolog.  xzzii  (1878). 


Fig.  58. — Jaws  of  CaUiodon. 
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fislies  the  new  tooth  is  not  developed  (as  in  reptiles  and 

mammals)  in  a  diverticulum 

of  the  sack  of  its  predecessor, 

but  like  this  from  the  free  sur- 
face of  the  buccal  membrane. 
Generally  there  are  more  than 
one  tooth  growing,  which  are 
in  various  stages  of  develop- 
ment, and  destined  to  replace 
the  one  in  function.  This  is 
very  conspicuous  in  Sharks,  in 
which  the  whole  phalanx  of 
their  numerous  teeth  is  ever 
laarching  slowly  forwards  (or 
in  some  backwards),  in  rota- 
tory progress,  over  the  alveolar 

horder  of  the    jaw,   the    teeth  Fig.  54._Ca«ilike  teeth  of  Hectropo 
being  successively  cast  off  after  dentex,  with  canines. 

having  reached  the  outer  margin,  and  fulfilled  for  a  longer 
wid  shorter  period  their  special  function. 

[The  richest  materials  for  our  knowledge  of  the  teeth  of  fishes  are  con- 
tained in  C>tr«n*« '*  Odontography.*'    Lond.  1840.     Sto.] 

The  intestinal  tract  is  divided  into  four  portions :  oeso- 
phagus, stomach,  small  and  large  intestine ;  two  or  more  of 
these  divisions  may  coalesce  in  fishes  and  become  indistin- 
S^hahle.  But  it  is  characteristic  of  the  class  that  the 
^^'inary  apertures  are  constantly  situated  behind  the  termina- 
tioQ  of  the  intestinal  tract. 

In  Branchiostoma  the  whole  intestinal  tract  is  straight, 
^  coated  with  a  ciliated  mucous  membrane.  The  wide 
phaiynx  passes  into  a  narrow  oesophagus,  this  into  a  gastric 
cavity,  the  remainder  being  again  narrower  and  terminating 
in  the  anal  aperture,  which  lies  somewhat  to  the  left  of  the 
median  line.    The  liver  is  represented  by  a  green  coloured 
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coecal  diverticulum  of  the  stomachic  dilatation.  A  mesenterii 
is  absent. 

In  the  Cydostomi  the  intestinal  tract  is  likewise  straig 
and  without  clearly  defined  divisions ;  however,  in  Pelromyi 
the  oesophagus  shows  numerous  longitudinal  folds,  and  ' 
intestine  proper  is  provided  with  a  single  longitudinal  fc 
A  mesentery,  which  is  present  in  the  Mjrxinoids,  is  represen 
by  a  short  median  fold  only,  by  means  of  which  the  hi 
most  part  of  the  intestine  is  fixed. 

The  PcdcdcJUhyes  show  differences  in  the  structure  of  tl 
intestinal  tract  as  considerable  as  are  found  among  i 
Teleostei,  but  they  have  that  in  common  that  the  absorbe 
surface  of  their  intestine  is  enlarged  by  the  development  of 
spiral  valve,  evidence  of  the  presence  of  which  in  extin 
Falaeiohthyes  is  still  preserved  in  the  fossilised  faeces 
coproliths,  so  abundant  in  some  of  the  older  strata. 

In  Chondrapterygians  (Fig.  55)  the  stomach  is  divided  ii 
a  cardiac  and  pyloric  portion,  the  former  frequently  termini 
ing  in  a  bUnd  sac,  and  the  latter  varying  in  length.  1 
pyloric  portion  is  bent  at  its  origin  and  end,  and  separated  fn 
the  short  duodenum  (called  Bursa  entiana  in  these  fishes) 
a  valve ;  the  ductus  hepaticus  and  pancreaticus  enter  t 
duodenum.  This  is  succeeded  by  the  straight  intestine  p 
vided  with  the  spiral  valve,  the  coils  of  which  may  be  eiti 
longitudinal  and  wound  vertically  about  the  axis  of  1 
intestine,  as  in  Carcharias,  Oaleocerdo,  Thalassorhiwus^  s 
Zygcena,  or  they  may  be  transverse  to  that  axis,  as  in  1 
other  genera.  The  number  of  gyrations  in  the  latter  c 
varies :  there  may  be  as  many  as  forty.  The  short  recti 
passes  into  a  cloaca,  which  contains  also  the  orifices  of  t 
urogenital  ducts.  Only  the  commencement  and  end  of  1 
intestinal  tract  are  fixed  by  mesenterial  folds. 

In  the  Holocephali  and  Dipnoi^  the  intestinal  tract  is  she 
straight,  and  wide,  without  stomachic  dilatation,  a  pylo 
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nlre,  dose  to  which  the  ductus  choledochuB  enters,  indicatiiig 


'V  K.— KpboH>l  itomKt  Mid  tpinl  nho  of  Buking-Shul  (Salache). 
(Alter  Home  and  Oven.) 
^  'a^iigB ;  6,  Ckrdlac  portion  of  atomach  ;  c,  pyloric  portioD  ;  d,  poncli  In- 
'"SMdiste  betmcn  sMimch  uid  dnodeDmn,  witb  circolar  T&lvea  at  both 
*>d> ;  e,  DnodmBm  ;  /,  Vain  of  iotcatiDe  ;  g,  Ductna  hepalicus ;  h,  Bpleen. 

^  boQudaiy  of  the  intestine  proper  (Fig.  57,  p).  The  spiral 
^^is  perfect,  and  malces  from  three  (ChimtBra)  to  nine 
\Ctntodiu)  gyrstions.  A  cloaca  is  pressBt,  as  in  Chon- 
*vc^iterygiaiis.  A  mesenteiy  fixing  the  dorsal  side  of  the 
^^tertine  is  absent 

Tbe  other  Oanoids  resemble  ^ain  more  the  Chondrop- 
*0ygian8  in  the  structure  of  their  intestinal  tract.  The 
SoDicli  has  always  a  distinct  pyloric  portion,  and  has  a  still 
'Vr  complicated  structure  in  Aeipenser.  The  duodenal 
I'<'tioD  receives  the  contents  of  Appendices  pylorvxe,  which 
IK  confluent  into  a  gland-like  mass  in  Acipenser,  hut  separate 
"i  Potjfodon,  and  ntunerous  and  short  in  Lepidosleus,  whilst 
^"^enu  possesses  one  such  appendage  only.  A  spiral 
^»e  i>  developed  in  the  Stm^eoua  and  Polypterus,  hut  in 
-^aio,  in  which  the  intestine  performs  several  convdutions, 
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the  four  g3rTations  of  the  valve  are  sitoated  far  back  tows 
the  end  of  the  intestine.    In  Zepidostetts  the  valve  is  re 
mentary,  and  indicated  only  by  three  raised  lines  crossing 
terminal  portion  of  the  intestine.    In  all  these  (ranoids  i 
rectum  has  a  separate  opening,  without  cloaca. 

The  structure  of  the  intestinal  tract  of  TdeosUous  M 
ia  subject  to  so  numerous  modifications  that  we  should 
beyond  the  limits  of  the  present  work  if  we  would  atten 
to  enter  into  details.    Great  differences  in  this  respect  m 
be  found  even  in  groups  of   the   same   natural  famili 
Frequently  the  intestinal  tract  remains  of  nearly  the  sa 
width  throughout  its  course,  and  only  the  entrance  of  1 
various  ducts  serves  as  a  guide  for  the  distinction  of 
divisions.      An  intestine  of  such  uniform  width  may 
straight  and  short,  as  in  ScombreaocidcB,  SymiranckicUB,  01 
may  be  more  or  less  convoluted  and  long,  as  in  mf 
Cyprinidce,  Doradina,  etc.    On  the  whole,  carnivorous  fis 
have  a  much  shorter   and   simpler    intestinal   tract   tl 
herbivorous. 

In  the  majority  of  Teleosteans,  however,  oesopha( 
stomach,  duodenum,  small  intestine  and  rectum,  can  be  m 
or  less  distinctly,  even  externally  distinguished. 

There  are  two  predominant  forms  of  the  stomach,  in 
mediate  forms  being,  however,  numerous.  In  the  firsts 
sipfumal,  it  presents  the  form  of  a  bent  tube  or  canal,  c 
half  of  the  horse-shoe  being  the  cardiac,  the  other  the  pyl< 
portion.  In  the  second,  the  coscal,  the  cardiac  division  is  ] 
longed  into  a  long  descending  blind  sac,  the  cardiac  i 
pyloric  openings  of  the  stomach  lying  dose  together  (C?tfj 
Searriber,  Thynrms,  etc.) 

The  duodenum  receives  always  the  hepatic  and  panciei 
secretions,  and,  besides,  those  of  the  appendices  pyloii 
which,  in  varying  numbers  (from  1  to  200),  are  of  very  comi 
occurrence  in  Teleosteans  (Fig.  56).    They  vary  also  in  len 


(H^-4|pbcBcl  BbmuchandPrloiio  Appendienof  ■  FamalB  Salmon,  Si  feat  long. 
*i  Fllarte  apptadagtt ;  A,  dnetni  choledochni ;  ot,  ceaophagnt ;  «(,  lower  end  of 
'WKt ;  f.  pfknie  regkm ;  i,  uo«nding ;  uid  «',  dcecendlng  pmiion  et  inleitine. 
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and  width,  and  whilst  the  narrowest  serve  only  as  secretor; 
organs,  the  widest  are  frequently  found  filled  with  the  Sam* 
contents  as  the  intestine.  When  few  in  number,  each  open- 
by  a  separate  duct  into  the  duodenum ;  when  their  number  i 
greater  two  or  more  coalesce  into  a  common  duct ;  in  tk' 
latter  case  the  appendages  cease  to  be  free,  and  are  connectei 
with  one  another  by  a  more  or  less  ^rm  tissue. 

Coecal  appendages  at  the  end  of  the  intestinal  tract  are  o: 
exceedingly  rare  occurrence  in  fishes  {Box).  There  is  n( 
docuM  in  Teleosteans. 

In  the  majority  of  Teleosteous  fishes  the  vent  is  situatet 
on  the  boundary  between  trunk  and  tail,  behind  the  ventn 
fins.  In  a  few  it  lies  farther  backwards,  not  far  from  th 
caudal  fin ;  more  frequently  it  is  advanced  forwards,  unde 
the  middle  of  the  abdomen  or  to  the  scapular  arch.  In  tw 
fishes,  Aphredoderus  and  AniblyopsiSy  it  lies  before  the  pec 
toral  fins. 

A  peritoneum  envelops  all  the  divisions  ot  the  intestins 
tract  within  the  abdominal  cavity.  A  broad,  well-develop© 
omentum  has  hitherto  been  found  in  Oobiesox  cephalu 
only. 

Liver. — The  existence  of  a  liver  in  Branchiostoma  as  a  Ion 
diverticulum  of  the  intestine  has  been  mentioned  above.  1 
the  Myxinoids  the  liver  is  divided  into  two  glandular  bodic 
an  anterior  rounded  smaller  one,  and  a  posterior  larger  one 
an  elongate  shape.  The  gall-bladder  lies  between  both,  an 
receives  a  cystic  duct  from  each  of  them.  In  the  other  fishe 
the  proportionally  large  liver  is  a  single  large  gland,  firon 
which  only  now  and  then  small  portions  are  found  to  be 
detached.  It  is  either  simple,  or  with  a  right  anc^  left  lobe, 
or  with  a  third  lobe  in  the  middle;  each  lobe  may  have 
incisions  or  subdivisions,  which,  however,  are  very  inconstant 
The  liver  of  fishes  is  distinguished  by  the  great  quantity  of 
fluid  fat  (oil)  which  it  contains.    The  gall-bladder  is  but 
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^^^^dj  absent,  and  attached  to  the  right  lobe,  or  towards  the 
ccKitie ;  however,  in  some  fishes  it  is  detached  from  the  liver 
*nd  connected  with  it  by  the  cystic  duct  only.  The  bile  may 
1*  conveyed  by  one  or  more  hepatic  ducts  into  a  common 
duct  which  is  continued  towards  the  gall-bladder  as  diicttis 
fystieus,  and  towards  the  duodenum  as  ducttus  choledockus;  or 
some  of  the  hepatic  ducts  enter  directly  the  gall-bladder,  or 
directly  the  duodenum,  without  communicating  with  the 
common  duct.  Individual  variations  in  this  respect  are  of 
common  occurrence. 

A  pancreas  has  been  found  hitherto  in  all  Chondroptery- 

Sians,  Acipenser,  and  many  Teleosteans.    In  the  first  it  is  a 

glandular  mass  of  considerable  size  behind  the  stomach,  close 

to  the  spleen ;  its  duct  leads  into  the  duodenum.     In  the 

Stmgeons  the  pancreas  is  attached  to  the  duodenum,  and 

opens  close  to  the  ductus  choledochus.    In  Silurus  glanis  it 

^  veiy  large,  and  the  ductus  choledochus  passes  through  its 

^betance;    it  is  smaller  in  Belone  and  Pleuronectes,  and 

Situated  in  th6  mesentery ;  its  duct  accompanies  the  terminal 

portion  of  the  ductus  choledochus.    In  the  Salmon,  which 

possesses  a  large  lobed  pancreas,  the  duct  is  so  intimately 

^^nnected  with  the  ductus  choledochus  that  both  appear 

^ixtemally  as  a  single  duct  only. 

The  tpleen,  which  is  substantially  a  lymphatic  gland,  may 
^mentioned  here,  as  it  is  constantly  situated  in  the  imme- 
^  vicinity  of  the  stomach,  generally  near  its  cardiac  portion, 
^ith  the  exception  of  Branchiostoma,  it  is  foimd  in  all  fishes, 
^  appears  as  a  rounded  or  oblong  organ  of  dark-red  colour. 
^  the  Sharks  frequently  one  or  more  smaller  pieces  are  de- 
^*died  from  the  principal  body.  In  the  Dipnoi  a  thin  layer 
^f  a  very  soft  substance  of  brownish-black  colour  below  the 
Diucons  membrane  of  the  stomach  and  upper  part  of  the 

• 

fltetine  has  been  regarded  as  the  homologue  of  the  spleen 
ffig.  57,  m).    In  most  Tekostei  the  spleen  is  undivided,  and 


appended  hj  its  vessels  and  a  fold  of  the  peritoQeum  to  tt 
pyloric  bend  of  the  stomach  or  the  b^insing  of  the  inteetiih 


Pig.  S7- — Upper  put  of  IntMtlne  ot  Centodo*.    The  antoriar  wiU  of  £ 

intestiiig  u  opened,  the  Utbt  {c)  *nil  gall-blidder  («)  being  dnwn  IbnraH. 

■Ut  ii  made  at  n,  through  which  put  of  the  next  compartment  of  the  •pinl 

iroond  intaatlne  maf  be  seen. 

«",  Mbath  of  dactns  choledochni ;  /,  stomach ;  i,  adipose  igglomumtlan ;  t,  li 
compartment  of  inteatinal  spira ',  m,  spleen ;  oe,  lower  part  ot  csMphagc 
opened ;  p,  doable  pyloric  fold ;  q  j,  gUndolar  patches. 


CHAPTER  IX. 

OBGANS  OF  RESPIRATION. 

^^^HES  breathe  the  air  dissolved  in  water  by  means  of  gills 

^^  branchiffi.    The  oxygen  consumed  by  them  is  not  that 

'^hich  forms  the  chemical  constituent  of  the  water,  but  that 

<^ontained  in  the  air  which  is  dissolved  in  water.    Hence 

fiahes  transferred  into  water  from  which  the  air  has  been 

^^^ven  out  by  a  high  temperature,  or  in  which  the  air  absorbed 

^y  them  is  not  replaced,  are  speedily  suffocated.    The  ab- 

^oiption  of  oxygen  by  fishes  is  comparatively  small,  and 

^t;    has  been  calculated  that  a  man  consumes  60,000  times 

^^xcre  than  is  required  by  a  Tench.    However,  some  fishes 

^'^dently  require  a  much  larger  supply  of  oxygen  than  others : 

and  Carps,  and  other  fishes  of  similar  low  vitality,  can 

ive  the  removal  out  of  their  elements  for  days,  the  small 

^laantity  of  moisture  retained  in  their  gill-cavity  being  suflfi- 

^xcnt  to  sustain  life,  whilst  other  fishes,  especially  such  as 

ve  very  wide  giU-openings,  are  immediately  suffocated  after 

taken  out  of  the  water.     In  some  fishes  noted  for  their 

^*^iiscular  activity,  like  the  Scornbridce,  the  respiratory  process 

^^  so  energetic  as  to  raise  the  temperature  of  their  blood  far 

'-^yond  that  of  the  medium  in  which  they  live.   A  few  fishes, 

^^pecially  such  as  are  periodically  compelled  to  live  in  water 

^*^ckened  into  mud  by  desiccation  and  vitiated  by  decompos- 

^^  substances,  breathe  atmospheric  air,  and  have  generally 

^^V^ial  contrivances  for  this  purpose.    These  are  so  much 

u&bitaated  to  breathing  air  that  many  of  them,  even  when 


bronght  into  pure  water  of  aormal  condition,  are  obliged  ^ 
rise  to  the  surface  at  frequent  intervals  to  take  in  a  quantt^ 
of  air,  and  if  they  be  kept  beneath  the  sor&ce  by  means  ^' 
a  gauze  net,  they  perish  from  suffocation.  The  special  coO' 
trivances  consist  of  additional  respiratory  organs,  lodged  i** 
cavities  either  adjoining  the  gill-cavity  or  conimnnicatiii^ 
with  the  ventral  side  of  the  cesophagoa,  or  of  the  air-bladde' 
which  enters  npon  lespiratory  functions  (Dipnoi,  Lepidoateu^* 
Amia). 

The  water  tised  by  fiahes  for  lespiiation  is  received  by  tb^3 
month,  and  by  an  action  similar  to  that  of  swallowing  diiveK:^ 
to  the  gills,  and  expelled  by  the  giU-opeuings,  of  which  t 
may  be  one  or  several  on  each  side  behind  the  head ;  ranl^ 
one  only  in  the  median  line  of  the  ventral  snrface. 

The  gilb  or  iranekia  consist  essentially  of  folds  of  tl= 


mucous  membrane  of  the  gill-cavity  (laminee  branchiaUt),  in 
which  the  capillaiy  vessels  are  distributed.    In  all  fiahes  the 
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gillfl  aie  lodged  in  a  cavity,  but  during  the  embryonic  stage 
tke  Chondropterygians  have  the  gill-laminse  prolonged  into 
bug  filaments  projecting  beyond  the  gill-cavity  (Fig.  68),  and 
ia  a  few  young  Ganoids  external  gills  are  superadded  to  the 
iiitemaL 

In  Branchiodoma  the  dilated  pharynx  is  perforated  by 
muneious  clefts,  supported  by  cartilaginous  rods  (Fig.  29,  A). 
The  water  passes  between  these  clefts  into  the  peritoneal 
cavity,  and  makes  its  exit  by  the  poms  abdominalis  situated 
conaiderably  in  advance  of  the  vent.  The  water  is  propelled 
by  dlia. 

In  the  Cydostomes  the  gills  of  each  side  are  lodged  in  a 
Beries  of  six  or  more  antero-posteriorly  compressed  sacs, 
^paiated  from  each  other  by  intervening  septa.  Each  sac 
<^oiiminnicates  by  an  inner  duct  with  the  oesophagus,  the 
^^X/a  being  expelled  by  an  outer  duct  In  Bddlostoma  each 
outer  duct  has  a  separate  opening,  but  in  Myxine  all  the  outer 
ducts  pass  outwards  by  one  common  gill-opening  on  each  side. 
Ill  the  Lampreys  the  ducts  are  short,  the  outer  ones  having 
separate  openings  (Fig.  2,  p.  39).  The  inner  ducts  lead  into 
a  smgle  diverticulum  or  bronchus,  blind  behind,  situated 
t^w  the  oesophagus,  and  communicating  in  front  with 
^e  pharynx,  where  it  is  provided  with  two  valves  by  which 
^e  legoigitation  of  the  water  into  the  buccal  cavity  is 
ptevented. 

The  same  type  of  branchial  organs  persists  in  Chmdrop- 
^^Tuyuww,  which  possess  five,  rarely  six  or  seven,  flattened 
P^chfis  with  transversely  plaited  walls.  The  septa  between 
^^^  are  supported  by  cartilaginous  filaments  rising  from  the 
'^(Hdean  and  branchial  arches.  Each  pouch  opens  by  a  cleft 
outwards,  and  by  an  aperture  into  the  pharynx,  without  inter- 
^etdog  ducts.  The  anterior  wall  of  the  first  pouch  is  sup- 
P^  by  the  hyoidean  arcL  Between  the  posterior  wall  of 
tke  first  and  the  anterior  of  the  second  sac,  and  between  the 
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acyacent  walls  of  the  succeeding,  a  branchial  arch  with 
two  series  of  radiating  cartilaginous  filaments  is  interpo89^ 
Gonsequentlj  the  first  and  last  pouch  have  one  set  of  gil^* 
laminsB  only,  viz.  the  first  on  its  posterior  and  the  last  on  if^ 
anterior  walL    The  so-called  spirades  on  the  upper  surfiace  9^ 
the  head  of  Chondropterygians  are  to  be  referred  to  in  connect— 
tion  with  the  respiratory  organs.     They  are  the  extemaJ 
openings  of  a  canal  leading  on  each  side  into  the  phaiynr:, 
and  situated  generally  close  to  and  behind  the  orbit.     They^ 
frequently  possess  valves  or  an  irregularly  indented  maigin^ 
and  are  found  in  all  species  during  the  embryonic  stage,  but> 
remaining  persistent  in  a  part  only.    The  spiracles  are  th^ 
remains  of  the  first  visceral  cleft  of  the  embiyo,  and  in  the 
foetal  state  long  branchial  filaments  have  been  observed  to 
protrude,  as  from  the  other  branchial  clefts. 

The  Holocephaii  and  Ganaidei  show  numerous  deviations 
from  the  Chondropteiygian  type,  all  leading  in  the  direction, 
towards  the  Teleosteans.  As  a  whole  they  take  an  inter- 
mediate  position  between  the  preceding  types  and  the  Tele- 
osteans, but  they  show  a  great  variation  among  themselves, 
and  have  in  common  only  the  imperfect  separation  of  the 
branchial  sacs  and  the  presence  of  a  single  outer  brancbiaL 
aperture. 

In  Chimcera  the  septum  separating  the  branchial  ascs 
confluent  with  the  wall  of  the  gill-cavity  in  a  part  of 
extent  only,  and  still  more  imperfect  is  the  separation  of  thos^ 
branchial  divisions  in  Ceratodtcs  (Fig.  60).    The  other  Ganoids 
show  no  such  division  whatever.     In  Chimcera  the  first  gilS- 
is  incomplete  (uniserial),  and  belongs  to  the  hyoid ;  then  fol- 
low three  complete  gills;  the  last,  belonging  to  the  fourtl^ 
branchial  arch,  being  again  incomplete.    Acipenser,  Scaphir^ 
hyTuhuSf  Lepidosiren,  Protoptenis,  and  LepidosteuSy  possess  like- 
wise an  anterior  incomplete  gill  {opercular  gill),  followed  by 
four  complete  gills  in  the  Sturgeons  and  Lqndosteus,  whilst  in 
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LqModrtn  and  ProtopUrus  a  part  of  the  branchial  arches  is 
gill-less.  In  Pclyodon^  Ceraiodus,  and  Polypterus,  an  opercular 
gill  is  absent,  the  two  former  having  four  complete  gills,  the 
latter  three  and  a  half  only.  Spiracles  are  still  in  some 
Ganoids  present,  viz.  in  the  Sturgeons  and  Polypterus,  In  all 
the  Granoids  an  osseous  gill-cover  is  now  developed. 

In  the  TekosUi  the  gills  with  their  supporting  branchial 
fttches  lie  in  one  undivided  cavity ;  more  or  less  wide  clefts 
between  the  arches  lead  &om  the  pharynx  to  the  gills,  and  a 
more  or  less  wide  opening  gives  exit  to  the  water  after  it  has 
Washed  the  gills.    The  interbranchial  clefts  have  sometimes 
nearly  the  same  extent  as  the  branchial  arches ;  sometimes 
they  are  reduced  to  small  openings,  the  integuments  stretch- 
ing from  one  arch  to  the  other.    Sometimes  there  is  no  cleft 
behind  the  fourth  arch,  in  which  case  this  arch  has  only  an 
luuserial  gill  developed.     The  gill-opening  likewise  varies 
much  in  its  extent,  and  when  reduced  to  a  foramen  may  be 
sitoated  at  any  place  of  the  posterior  boimdary  of  the  head. 
In  the  SymbraTuihidcB  the  gill-openings  coldesce  into  a  single 
luoiow  slit  in  the  median  line  of  the  isthmus.     In   the 
nuijority  of  Teleosteans  the  integument  of  the  concave  side  of 
^  bianchial  arches  develops  a  series  of  homy  protuberances 
^  various  form,  the  so-called  gUUralcers.    They  are  destined 
to  catch  any  solid  corpuscles  or  substances  which  would  be 
^•nied  into  the  gill-cavity  with  the  water.    In  some  fishes 
^  are  setiform,  and  form  a  complete  sieve,  whilst  in  others 
^  are  merely  rough  tubercles,  the  action  of  which  must  be 
^  incomplete  if  they  have  any  function  at  alL 

Most  Teleosteans  possess  four  complete  gills,  but  fre- 
^tly  the  fourth  arch  is  provided  with  an  uniserial  gill 
^,88  mentioned  above,  or  even  entirely  gill-less.  The 
^^^  imperfect  gills  are  found  in  Maltlie,  which  has  two  and 
ft  ]^  gills  only,  and  in  Amphipnotis  cuchia,  in  which  one 
"^  gill  is  fixed  to  the  second  arch. 


The  gDla  of  the  Teleoateatu  as  well  as  of 
are  sopported  by  a  series  <^  t 
ginous  or  homy  pointed  rods,  ar 
tlie  convex  edges  of  the  biuii 
Arches  bearing  a  complete  gill  ha 
of  those  rods,  one  along  each  edgi 
uniserial  gills  bear  one  row  of  rod 
rods  are  not  part  of  Uie  arch, 
its  int^ament,  the  several  rods 
comeponding  to  those  of  the  ot 
pairs  {fmUUt,  Cavier)  (Fig.  59). 
k  covered  by  a  loose  mucous  mei 
fling  horn  one  rod  to  its  fellow  op; 
again  is  finely  tiansveTsely  i^tec 
sur&ce  being  greatly  increased  by 

V'  -^-^f  In  most  Teleostei  the  branchial 
compresaed,  and  taper  towards  tl 
but  in  the  Lopbobranchs  their  b 


la  (nugniaed)  of  membrane  contains   the   finest 

OpBrmchofArteri*  of  the  vessels.  which,  being  ver^ 

inuchuiiJi    b,  impart  the  blood-red  cohmr  to 

of  th«  lune  i  ft  Ths  Arteria  broMchialit,  the  cour 

Bnodi  of  vmie  ifes  in  the  open  canal  in  the  t 

a,    DMoanding  ^^  branchial  arch,  emits  a  branch 

tnsooh   of   thB  pair  of  lamelbe  which  ascends  ( 

*™"'  *^  inner  edge  of  the  lamella,  and  su 

tluongh   tlie  one  of  the  transverse  plaits  with 

bniichi.1  «ch.        rpjjg  ^^^  ^ij.^^  yp  jj^jQ  ^  g^g  jjgj  ^ 

from  which  the  oxygenised  blood   is  collected 
branchleta,  returning  by  tiie  venous  branch  (d), ' 
pies  the  outer  edge  of  the  lamella. 

The  so-called  Paeud^minekia  (Fig.  60)  are  the  r 
anterior  gill  which  had  respiratory  functions  du 
Inycmic  life  of  the  individuals.    By  a  change  in  th 
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system  these  organs  have  loat  thoee  functions,  and  appear  in 
tile  tdolt  fish  aa  letia  mirabilia,  as  they  receive  ozygenised 
Uood,vhich,after  having  passed  through  their  capillaiy  system, 
is  carried  to  other  parts  of  the  bead.  In  Falteichthyes  the 
peeudobranchia  is  a  rete  mirabile  caroticum  for  the  brain  and 
eye;  in  Teleoeteans  a  ret«  mirabile  ophthalmicum  only. 
Paeudobnnchiee  are  as  frequently  absent  as  present  in  Chon- 
dropterygiana  as  well  as  Teleosteans.  As  to  the  Ganoids,  they 
occur  in  Ceratodua,  Acipenser, 
^yodan,  and  LepidosUm,  and 
Ale  absent  in  Lepidoriren,  Pro- 

fterus,  and  Amia. 

In  Chondropt«rygians  and 
Sturgeons  the  pseudobranchi» 
*(e  situated  within  the  spiracles ; 
in  those,  in  which  epirades  have 
^>ecome  obliterated,  the  pseudo- 
Wanchiffi  lie  on  the  snspen- 
aonnm,  hidden  below  cellular 
tisBue ;  but  pseadobrancbife  are 
not  necessarily  co-existent  with 
ainrades.  In  the  other  Oanwds 
•nd  Teleosteans    the    pseudo-       Fig.  flO.-Oiii.  of  Ce«tod». 

^  I,    Areas  aorta ;    gl,    Glooobjrd  ; 

Dmnchiffi  (Fig.  60,  h)  are  within       ch,  Centohyal ;   w,  Attachment  of 

thepUnaivity,  near  the  base  of     "■*  *«  Pii  to  the  wdi.  of  th. 


\ 


nidiments  of  the  gill-rakers  longing  to  ths  pMudobranchU. 
(.* .  0  belonging  to  this  embryonic  gill  are  preserved,  part 
"*  them  («^  being  attached  to  the  hyoid  arch.  Pseudo- 
™iKhije  are  frequently  hidden  below  the  integuments  of 
^  pU-tavity,  and  have  the  appearance  of  a  glandular  body 
»"*  than  of  a  gill. 

Iw  IKUcT,  "  Vergldcbeiide  Anatomie  dei  QeraBs^ystema  der  UfxiDoi< 
te ;"  aod  "  Vtber  dm  Bn  nnd  die  Qrenieit  der  Ganoideii."] 
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Accessary  respiratory  organs  for  retaining  water  or  breath* 
ing  air,  such  as  are  found  in  the  Zahyrinthici,  Ophiocqphaiida 
certedn  SUuridce,  and  Lutodira,  are  structures  so  specialised 
that  they  are  better  described  in  the  accounts  of  the  Fishei 
in  which  they  have  been  observed. 

Air-Bladder, — ^The  air-bladder,  one  of  the  most  charact^ 
istic  organs  of  fishes,  is  a  hollow  sac,  formed  of  several  tunics 
containing  gas,  situated  in  the  abdominal  cavity,  but  without 
the  peritoneal  sac,  entirely  closed  or  communicating  by  f 
duct  with  the  intestinal  tract  Being  compressible,  its  speda 
functions  consist  in  altering  the  specific  gravity  of  the  fish  oi 
in  changing  the  centre  of  gravity.  In  a  few  fishes  it  assumes 
the  function  of  the  organ  of  higher  Vertebrates,  of  which  it  it 
the  homologue — viz.  of  a  lung. 

The  gas  contained  in  the  air-bladder  is  secreted  from  it 
inner  surface.  In  most  fresh-water  fishes  it  consists  c 
nitrogen,  with  a  very  small  quantity  of  oxygen  and  a  trace  • 
carbonic  acid ;  in  sea-fishes,  especially  those  living  at  soim 
depth,  oxygen  predominates,  as  much  as  87  per  cent  havifli 
been  found.  Davy  found  in  the  air-bladder  of  a  fresh-ra 
Salmon  a  trace  of  carbonic  acid  and  10  per  cent  of  oxyg«i 
the  remainder  of  the  gas  being  nitrogen. 

An  air-bladder  is  absent  in  Leptocardii,  Cydostomi,  CK^: 
dropterygii,  and  Holocephali;  but  occurs  in  all  Granoids^ 
which,  besides,  its  respiratory  functions  more  or  less  deaiiJ 
manifest  themselves.  Its  occurrence  in  Teleosteans  is  mosi 
irregular,  closely  allied  species  sometimes  differing  from  eacb 
other  in  this  respect;  it  shows  in  this  sub-class  the  most 
extraordinary  modifications,  but  has  no  respiratory  functioEi 
whatever. 

Constantly  situated  within  the  abdominal  cavity,  below 
the  vertebral  column,  but  without  the  sac  of  the  peritoneam 
which  covers  only  its  ventral  portion,  the  air-bladder  is  fee 
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quently  prolonged  into  the  tail,  the  prolongation  being  either 
simple  and  lodged  between  the  non-united  parapophyses,  or 
double  and  penetrating  between  the  muscles  and  hfiemapo- 
physes  of  each  side.    In  the  opposite  direction  processes  of 
t^e  air-bladder  may  penetrate  into  the  skull,  as  has  been 
mentioned  above  (p.  117).    In  some  fishes  the  air-bladder  is 
almost  loose  in  the  abdominal  cavity,  whilst  in  others  it  ad- 
heres most  intimately  by  firm  and  short  tissue  to  the  vertebral 
colximn,  the  walls  of  the  abdomen,  and  the  intestines.    In  the 
Clobitina  and  many  Siluroids  it  is  more  or  less  completely 
e&dosed  in  osseous  capsules  formed  by  the  vertebrae. 

The  tunics  of  the  majority  of  air-bladders  are  an  extremely 
fine  internal  one,  frequently  shining  silvery,  containing  crys- 
talliae  corpuscles,  sometimes  covered  with  a  pavement- 
^ithelium;  and  a  thicker  outer  one  of  a  fibrous  texture, 
^hich  sometimes  attains  to  considerable  thickness  and  yields 
ismglass.  This  wall  is  strengthened  in  many  fishes  by  mus- 
C'llar  layers  for  the  compression  of  the  whole  organ  or  of 
fiODoe  portion  of  it 

A  distinction  has  been  made  between  air-bladders  which 

^communicate  by  a  duct  with  the  intestinal  tract  and  those 

^hich  are  entirely  closed.    However,  it  is  to  be  remembered 

^hat  at  an  early  stage  of  development  all  air-bladders  are 

Provided  with  such  a  duct,  which  in  a  part  of  the  fishes  more 

^leas  completely  obliterates,  being  then  represented  by  a  fine 

ligMnent  only.     In  young  Liicicperca  of  six  to  eight  inches  in 

length  the  duct  may  be  found  still  open  for  a  considerable 

^Jrtance ;  and,  on  the  other  hand,  in  adult  Physostomi,  that  is 

^deosteous  fishes  with  a  ductus  pneumaticus,  not  rarely  the 

^le  duct  is  found  very  narrow,  or,  for  some  part  of  its 

'^'gtih,  even  entirely  closed. 

Air-bladders  without  duct  are  found  in  Acanthopterygians, 
l^lttiyngognaths,  Anacanths,  and  Lophobranchs.  Tliey  may 
consist  of  a  single  cavity  or  divided  by  constrictions  into  two 
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or  three  partitions  situated  behind  one  another;  they  m 
consist  of  twolateral  partitions,  aasiiTning  a  horseshoe-like  fixr 
or  they  may  be  a  single  sac  with  a  pair  of  simple  or  hi 


Fig.61.— Air-bladderof 
Otolithufl  sp. 


vL/ 


Tig.  62. — ^Vertical  section  throng^  ab- 
dominal cavitj  of  CollichthyB  Indda. 
),  air-bladder ;  l^  liver ;  s,  stomach ; 
§pp  and  ipp,  external  and  intenal 
lamina  of  peritoneixm  parietale ;  ^ 
and  ipv,  ezteraal  and  internal  lamina 
of  peritoneum  Tiscerale;  dv,  dofMl 
air-Tessels ;  w,  rentral  air-vesaelfl. 


processes  in  front  or  behind  (Fig.  61).  The  families  of  Sa 
nidod  and  Polynemidce  possess  air-bladders  with  a  m 
extraordinary  development  of  appendages  rising  from  ei 
side  of  the  air-bladder.  In  the  Sciaenoid  (Fig.  63)  fifty-t 
branches  issue  from  each  side,  each  branch  being  bifurc 
and  bearing  smaller  appendages.  In  Fogonias  chromia  (] 
64)  the  sides  of  the  anterior  half  is  provided  with  irr^ 
broad-fiinged  appendages,  the  hindmost  of  which  commi] 
cates  by  a  narrow  duct  with  the  posterior  extremity  of 
air-bladder.  In  Cdlichthys  lucida  (Fig.  62)  twenty-five 
pendages  issue  from  each  side ;  the  anterior  ones  are  direc 
towards  the  front,  but  the  lateral  assume  a  more  poste] 
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™^ction,  the  nearer  they  are  to  the 

P^^^terior  extremity  of  the  air-bladder, 

^beie  diey    form    an    assemblage 

pyijug  the  appearance   of  a  caada 

^uiiia.    All  these  appendages  soon 

"ifuicate    in  a  dorsal  and   ventral 

stem;  these  stems  biforcate  again 

and  again,  and  either  terminate  after 

^he  first  or  second  bifurcation  or  are 

so    fiir  prolonged    as   to  reach  the 

i&edian  line  of  the  ventral  and  dorsal. 

^des,  anastomosing  with  the  branches 

of   the  other   side.      The  branches 

being  enveloped  in  laminae  of  the 

peritonaeum,  form  a  dorsal  and  ventral 

VIC  of  beautiful  appearance,  caused 

by  the  regular  arrangement  of  the 

^-vessels.   The  dorsal  sac  is  situated 

^^etween  the  air-bladder  and  the  roof 

^  the   abdominal    cavity   without 

^  attached  to  the  latter.     The 

^tral  sac  receives  within  its  cavity 

4e  intestine,  liver,   and  ovaries. — 

A  pecaliar  mechanism  has  been  ob- 

*nred  in    the    air-bladder  of    the 

QpWiicte,  the  anterior  portion  of 

^Wch  can  be  prolonged  by  the  con- 

*Wi(m  of  two  muscles  attached  to 

^  anterior  extremity,  with  or  with- 

«it  ttte  addition  of  a  small  bone. 


CL 
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Pig.  63.— Air-bladder  of 
a  Sciienoid. 
L  Visceral  surface  opened  at 
b,  to  show  openings  of  the 
lateral  branches. 


Air-bladders  with    a  pneumatic 
dnct  are  found  in  Ganoids  and  Phy-  ^'  ^^'^.  ^^^J^^^'' 

^^M^^*  UA  v^t»x«v/AVAo  «**XA      X.J  ^  j^  opening  into  the  cavity 

^•tanes,  the  duct  entering  the  dor-      of  the  air-biadder. 
*1  ode  of  the  intestinal  tract,  with  the  exception  of  Polyp- 

L 
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tents  and  the  Dipnoi,  in  whicli  it  enters  on  the  ventral  aid 
the  oesophagus.  In  the  majority  the  orifice  is  in  the  < 
phagus,  but  in  some,  as  in  AdpcMer,  in  the  cardiac  por 
of  the  etomach,  or  in  its  blind  aac,  as  in  many  dupet 
The  air-bladder  may  be  aingle,  or  consist  of  two  divis 
situated  one  behind  the  other  (Fig.  52) ;  its  inner  surface  i 
be  perfectly  smooth,  or  form  manifold  pouches  and  cells. 


Elg.  M. — Alt-bUdd«r  of  Pogonlu  duvml*. 
two  divisions  are  present  the  anterior  \ 
elastic  membrane  which  is  absent  in  the  posterior;  < 
division  has  a  muscular  layer,  by  which  it  can  be  sepan 
compressed,  so  that  part  of  the  contents  of  the  posterior : 
be  driven  into  the  elastic  anterior  division,  and  vict  o 
The  posterior  division  being  provided  with  the  ductus  p: 
maticns  does  not  require  the  elasticity  of  the  anterior. 
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Some  Siluioids  possess  a  peculiar  apparatus  for  voluntarily 
^^xtising  a  pressure  upon  the  air-bladder.  From  the  first 
^Hebra  a  process  takes  its  origin  on  each  side,  expanding  at 
-^  end  into  a  large  round  plate ;  this  is  applied  to  the  side  of 
^e  air-bladder,  and  by  pressing  upon  it  expels  the  air  through 
ie  duct ;  the  small  muscle  moving  the  plate  rises  from  the 
cnlL 

The  connection  of  the  air-bladder  with  the  organ  of  hear- 
g  in  some  Physoetomes  has  been  described  above,  p.  117. 

Id  the  modifications  of  the  air-bladder,  hitherto  mentioned, 
te  chief  and  most  general  function  is  a  mechanical  one ;  this 
gan  serves  to  r^ulate  the  specific  gravity  of  the  fish,  to  aid 
in  maintaining  a  particular  level  in  the  water,  in  rising  or 
aking,  in  raising  or  depressing  the  front  part  of  its  body 
»  occasion  may  serve.  Yet  a  secretion  of  gas  from  the  blood 
itoits  cavity  must  take  place;  and  if  this  be  so,  it  is  not  at 
U  impossible  that  also  an  exchange  of  gases  between  the 
W"©  kinds  of  blood  is  effected  by  means  of  the  extraordinary 
ievelopment  of  retia  mirahilia  in  many  air-bladders. 

In  all  fishes  the  arteries  of  the  air-bladder  take  their  origin 
^m  the  aorta  or  the  system  of  the  aorta,  and  its  veins  return 
either  to  the  portal,  or  vertebral,  or  hepatic  veins;  like  the  other 
^^^pJ^  of  the  abdominal  cavity  it  receives  arterial  blood  and 
**tnms  venous  blood.  However,  in  many  fishes  the  arteries 
*8well  as  veins  break  up  below  the  inner  membrane  into 
^*a  mirahilia  in  various  ways.  The  terminal  ramifications 
''the  arteries  may  dissolve  into  fan-like  tufts  of  capillaries 
^  almost  every  part  of  the  inner  surface,  as  in  Cypri- 
^^  Or  these  tufts  of  radiating  capillaries  are  more 
realised  at  various  places,  as  in  Esoddce  ;  or  the  tufts  are  so 
'S'^gated  as  to  form  gland-like,  red  bodies,  the  capillaries 
'^'Diiting  into  larger  vessels,  which  again  ramify  freely  round 
^border  of  the  red  body;  the  red  bodies  are  formed  not 
onfy  by  minute  arteries  but  also  by  minute  veins,  both  freely 
*iui8((nnoBuig  with  its  kind,  and  being  inextricably  inter- 


woveo.  The  rest  of  the  ini 
surface  of  the  air-bladder  : 
ceives  its  blood,  not  &010 1 
red  bodies,  bnt  from  nonni 
Tamifying  vessels.  This  Id 
of  rete  mirabOe  or  "vai 
ganglioQ "  is  found  in  I 
Perch  and  Gadoids;  it 
generally  distributed  in  oloc 
air-bladders,  but  also  son 
times  observed  in  air-bladd 
with  pneumatic  duct. 
Anffuilla  and  Conger  t 
similar  vaso-gaoglia  are  si 
ated  at  the  sides  of  the  opt 
iug  of  the  pneumatic  duct 
Whilst  the  air-bladd 
of  some  Ganoids,  anatoi 
cally  as  well  as  functional 
closely  adhere  to  the  Tel 
steoua  type,  that  of  Aihic 
more  cellular  and  lung-like 
its  interior  than  the  Tel 
Bteous  air-bladder,  and  Poi 
tents  approaches  the  D^ 
not  only  in  having  a  latera 
divided  air-bladder  but  a 
in  its  pneumatic  duct  eateii 
the  vetUral  side  of  the  cesop) 
gus.  The  air-bladder  of  t 
JHpnoi  possesses  still  m 
the  anatomical  characteriat 
of  a  lung  and  assumes 
functions,  though,  as  it 
exists  with  gills,  only  pei 
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dical]y  or  in  (La  anxiliaiy  maimer.  The  ductus  pneumaticus 
19  a  membraDous  bronchus,  entering  the  ventral  side  of  the 
(esophagus,  and  provided  at  its  entrance  with  a  glottis.  In 
(^^ralodua  (Fig.  65)  the  lung  is  atill  a  single  cavity,  but  with 
&  STinmetrical  arrangement  of  its  internal  pouches;  it  has 
ao  pnlmonal  artery,  hut  receives  branches  from  the  arteria 
txxliaca.  Finally,  in  Zqndogiren  and  PY<AopUnis  the  lung  is 
completely  divided  into  lateral  halves,  and  by  its  cellular 
■tTuctoTG  approaches  most  nearly  that  of  a  reptile;  it  is 
supplied  with  venous  blood  by  a  true  pulmonaiy  artery. 


Fig.  6S.~Haut  of  iniddoatoai  oueiu. 
L  External  upecL    IL  Conui  ■rterionu  opened, 
m  ;  i,  Coniu  ut«rio*iu ;  i^  Ventricle ;  A,  Braccbul  artery  for 
tad  4tl>  gfll ;  i^  for  the  Moaiid ;  I,  for  the  Ant ;  m,  hnmch  tor 
r  gill ;   1^  Single  Tilva  at  the  bue  of  Uie  codo*  ; 
n  of  Ganoid  nlTca. 


CHAPTER  X. 

ORGANS  OF  CIRCULATION. 

The  Blood-corpuscles  of  fishes  are,  with  one  exception,  of 
an  elliptic  shape ;  this  exception  is  Petromyzon,  which  pos- 
sesses circular,  flat,  or  slightly  biconvex  blood-corpuscles. 
They  vary  much  in  size ;  they  are  smallest  in  Teleosteans  and 
Cyclostomes,  those  of  Acerina  cemua  measuring  ^iVr  ^^  *^ 
inch  in  their  longitudinal,  and  T^nnr  in  their  transverse 
diameter.  As  far  as  it  is  known  at  present  the  Salmonida 
have  the  largest  blood-corpuscles  among  Teleosteans,  those  of 
the  salmon  measuring  ytVt  ^^y  tAtt  ^f  approaching  those  of 
the  Sturgeon.  Those  of  the  Chondropterygians  are  still  larger ; 
and  finally,  Lepidosiren  has  blood-corpuscles  not  much  smaller 
than  those  of  Perennibranchiates,  viz.  —  -yfij-  by  -g^  in. 
Branchiostoma  is  the  only  fish  which  does  not  possess  red 
blood-corpuscles. 

[See  G.  Gulliver,  "  Proc.  ZooL  Soc.,"  1862,  p.  91 ;  and  1870,  p.  844 ;  and 
1872,  p.  883.] 

Fishes,  in  common  with  the  other  Vertebrates,  are  pro- 
vided with  a  complete  circulation  for  the  body,  with  another 
equally  complete  for  the  organs  of  respiration,  and  with  a 
particular  abdominal  circulation,  terminating  at  the  liver  by 
means  of  the  vena  portce ;  but  their  peculiar  character  con- 
sists in  this,  that  the  branchial  circulation  alone  is  provided 
at  its  base  with  a  muscular  apparatus  or  heart,  corresponding 
to  the  right  half  of  the  heart  of  Mammalia  and  Birds. 

The  Heart  is  situated  between  the  branchial  and  abdo- 
minal cavities,  between  the  two  halves  of  the  scapulary  arch, 


BBABT.  161 

er  behind,  as  in  SymbraneAida.     It  is  enclosed  in 

um,  generally  entirely  separated  from  the  abdo- 

ty  by  a  diaphragma,  which  is,  in  fact,  the  an- 

>ii  of  the  peritoneum,  strengthened  by  aponeorotic 

wever,  in  some  fishes  there  is  a  communication 

he  pericardial   and   peritoneal   sacs,  viz.   in  the 

irygians  and  Acipenser,  whilst  in  the  Myziuoids 

lial  sac  is  merely  a  continuation  of  the  peritoneum. 

jt  is,  relatively  to  the  size  of  the  body,  very  small, 

3  of  three  divisions :  the  atHum,  with  a  large  ainiig 

0  which  the  veins  enter;  the  verUride;  and  a 

How  swelling  at  the 

*f  the  arterial  system, 

re  of  which  forms  one 

.  important  characters 

classification  of  fishes. 

vAthyes  (Figs.  66  and 

tiling  is  still  a  division 

iting  heart,  being  pro- 

i  thick  muscular  stja- 

lot  separated  from  the 

y  two  valves  opposite 

er,  but  its  interior  is 

a  plurality  of  valves, 

.  .  Fig.  87.— He«t  of  Ceratodufl. 

transverse senes more       .,■ .    „ .-.>!.«„.. 

lerOUS  in  the  various  d,  PapUlarj  ™ive  within  the 
'ala^y„.  Lepidc-  SI"!  tSj^T  ZT-i' 
yolopUrue  offer  an  ex-  btciu  tmtm ;  k,  l,  PoBt«iior  Mvtu 
modification  of  this  ""^t*  ;*.  ventricle. 
rrangement,  their  valves  being  longitudinal,  each 
tct  being  formed  by  the  confluence  of  several 
fl  situated  behind  one  another.  This  Pabeichthyan 
ed  eonM*  arteriosits. 
loBtomes  and  Teleosteans  (Fig.  68)  the  enlargement 
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is  a  sTelling  of  tlie  artery,  without  miucalai  Btmtiim  and  vi 
out  contractility ;  with  the  exception  of  the  Myxinoids  its  i 
are  thick,  fibrons,  with  many  babeculie  and  ponchee,  bi 
has  DO  valves  in  its  interior,  and  is  separated  fnnn  tlie  ' 
tricle  by  two  valves  opposite  to  each  other.  This  Teleos 
type  is  called  balbus  aorta. 

The  sinus  venosos  sends  the  whole  of  the  venous  b 
by  a  single  orifice  of  its  anterior  convexity  into  die  atri 


Fig.  OS.— Bulbu  MrtM  tt  XiphiM  gUdiiu,  opened. 
9,  SecUon  tluongli  part  of  the  will  of  Teutricle ;  b,  Beetlon  throng  the  M 
c,  Teltoeteou  rtltte  of  the  oetinm  arterionun  ;  i,  Aoixuorj  viItb^  of 
meDtU7  nitiire  md  inconituit ;  s,  Tnbecula  anum  of  the  bnllm. 

two  thin^  membranous  valvules  turned  towards  the  atri 
prevent  the  blood  from  re-entering  the  einna.  A  pair  of  o 
valves  between  atrium  and  ventricle  have  the  same  fund 
The  walls  of  the  ventricle  are  robust,  and,  internally, : 
Aimiahed  with  powerful  fleshy  trabecule. 
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The  bulbas  or  conns  arteriosus  is  prolonged  into  the  bran- 

cliial  artery  which  soon  divides,  sending  ofif  a  branch  to  each 

branchial  arch.    On  returning  from  the  respiratory  organ  the 

branchial  veins  assume  the  structure  and  functions  of  arteries. 

Several  branches  are  sent  off  to  different  portions  of  the  head 

and  to  the  heart,  but  the  main  trunks  unite  to  form  the  great 

artery  which  carries  the  blood  to  the  viscera  and  all  the  parts 

of  the  trunk  and  tail,  and  which,  therefore,  represents  the 

aorta  of  higher  animals. 

In  the  majority  of  Teleosteans  the  aorta  has  proper  walls 

formed  by  its  own  membranes,  but  in  the  Sturgeons  it  is 

independent  at  its  commencement  only,  and  replaced  by  a 

canal  formed  by  hsemal  elements  of  the  vertebral  colunm, 

and  clothed  inside  with  a  perichondrium.     In  many  Chon- 

iiopterygians  and  some  Teleosteans  (Esox,  Clupea,  SUurua), 

^  aorta  possesses  its  own  firm  membranes  along  its  ventral 

^de,  dorsally  being  protected  by  a  very  thin  membrane  only, 

attached  to  the  concavity  of  the  centra  of  the  vertebrae. 

The  circulatory  system  of  Branchiosioma  and  of  the  Dipnoi 
^^  essential  differences  from  that  of  other  fishes. 

Branekiostoma  is  the  only  fish  which  does  not  possess  a 
Diuscular  heart,  several  cardinal  portions  of  its  vascular 
system  being  contractile.  A  great  vein  extends  forwards  along 
^  caudal  r^on  below  the  notochord,  and  exhibits  con- 
''^ty  in  a  forward  direction ;  it  is  bent  anteriorly,  passing 
^to  another  tube-like  pulsatile  trunk,  the  branchial  heart, 
^Mdi  runs  along  the  middle  of  the  base  of  the  pharynx, 
'^^^  off  branches  on  each  side  to  the  branchiae ;  each  of 
^  branches  has  a  small  contractile  dilatation  (hdbillv^)  at 
^kase.  The  two  anterior  branches  pass  directly  into  the 
^^  the  others  are  branchial  arteries,  the  blood  of  which 
^tufns  by  branchial  veins  emptying  into  the  aorta.  The 
^^  of  the  intestinal  veins  is  collected  in  a  contractile  tube, 
^  portal  vein,  situated  below  the  intestine,  and  distributed 


154  FISHES. 

over  the  rudimentary  liver.  Of  all  other  fishes,  only  i 
Myxinoids  the  portal  vein  is  contractile.  All  the  bloo«« 
corpuscles  of  Branchiostama  are  colourless  and  witho^ 
nucleus. 

In  Dipnoi  a  rudimentary  division  of  the  heart  into  a  ri^ 
and  left  partition  has  been  observed ;  this  is  limited  to  t^. 
ventricle  in  Ceratodus,  but  in  Lepidosiren  and  Protopterus  t 
incomplete  septum  has  been  observed  in  the  atrium  als 
All  Dipnoi  have  a  pulmonal  vein,  which  enters  the  atriii 
by  a  separate  opening,  provided  with  a  valve.  The  pulmon. 
artery  rises  in  Lepidosiren  and  Protopterus  from  an  arch  of  tb 
aorta,  but  in  Ceratodus  it  is  merely  a  subordinate  brand 
rising  from  the  Arteria  codiaca. 


CHAPTER  XI. 

.      URINARY  ORGANS. 

In  Branehiostama  no  urinaiy  organs  have  been  found. 

In  Myxinoids  these  organs  are  of  a  very  primitive  structure : 
they  consist  of  a  pair  of  ducts,  extending  from  the  urogenital 
porus  through  the  abdominal  cavity.  Each  duct  sends  off  at 
r^egrdar  intervals  from  its  outer  side  a  short  wide  branch  (the 
'uiniferous  tube),  which  communicates  by  a  narrow  opening 
^th  a  blind  sac.  At  the  bottom  of  this  sac  there  is  a  small 
vaao-ganglion  {Malpighian  corpuscle),  by  which  the  urine  is 
secreted. 

In  the  Lampreys  the  kidneys  form  a  continuous  gland- 

*ik€  body,  with  irr^ular  detached    small  portions.      The 

^^^ters  coalesce  before  they  terminate  in    the   urogenital 
papilla. 

In  Chondropterygians  the  kidneys  occupy  the  posterior 
«*lf  or  two-thirds  of  the  back  of  the  abdominal  cavity,  without 
"^  8ac  of  the  peritoneum  (as  in  all  fishes)  which  forms  a  firm 
^dinons  horizontal  septum.  The  kidneys  of  the  two  sides 
^  never  confluent,  and  generally  show  a  convoluted  or 
lobolated  surface.    The  ureters  are  short ;  each  is  dilated  into 

*  pouch,  and  communicating  with  its  fellow  terminates  by 

*  single  urethra  (which  also  receives  the  vasa  deferentia) 
^kind  the  end  of  the  rectum  in  the  large  common  cloeica. 

In  Ganoids  the  kidneys  occupy  a  similar  position  as  in 
^ndpopterygians,  but  these  fishes  differ  considerably  with 
'^Swd  to  the  termination  and  the  arrangement  of  the  ends  of 
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the  urogenital  ducts.  The  Dipnoi  possess  a  cloaca.  1 
Ceratodus  the  ureters  open  into  it  by  a  common  openiK: 
separate  from  the  genital  opening ;  and  no  closed  urina. 
bladder  has  been  developed.  Lepidosiren  has  a  small  urinei 
bladder ;  the  ureters  do  not  communicate  directly  with  it,  b 
terminate  separately  on  small  papillae  in  the  dorsal  compaj 
ment  of  the  cloaca.  The  other  Granoids  lack  a  cloaca,  and  t] 
urogenital  opening  is  behind  the  vent  as  in  Teleosteans.  1 
all  the  genital  and  urinary  ducts  coalesce  towards  their  enc 
The  Sturgeons  have  no  urinary  bladder,  whilst  it  is  piesen 
in  Amia,  the  ureters  opening  separately  into  it 

The  kidneys  of  Teleosteans  are  situated  likewise  witbool 
the  peritoneal  cavity,  immediately  below  some  part  of  the 
vertebral  column,  and  vary  exceedingly  with  r^aid  to  fons 
and  extent  Sometimes  they  reach  from  the  skull  to  between 
the  muscles  of  the  tail,  sometimes  they  are  limited  to  the 
foremost  part  of  the  abdominal  cavity  (in  advance  of  tbc 
diaphragm),  but  generally  their  extent  corresponds  to  that  d 
the  abdominal  portion  of  the  vertebral  column.  Frequentl] 
they  are  irregular  on  their  dorsal  surface,  filling  every  avail 
able  recess,  flat,  attenuated  on  the  sides,  more  or  less  coalfiB 
cent  towards  the  middle;  in  other  fishes  they  are  m(St 
compact  bodies.  The  ureters  terminate,  either  separate  o 
united,  in  a  urinary  bladder,  varying  in  shape,  which  open 
by  a  short  urethra  behind  the  vent  The  urinary  openin 
may  be  separate  or  confluent  with  that  of  the  genital  ducti 
and  is  frequently  placed  on  a  more  or  less  prominent  papiQ 
(jxipUla  urogenUcdis),  If  separate,  the  urinary  opening  : 
behind  the  genital ;  and  if  a  papilla  is  developed,  its  extn 
mity  is  perforated  by  the  urethra,  the  genital  opening  beii 
situated  nearer  the  base.  A  few  Teleosteans  show  an  arrang 
ment  similar  to  that  of  Chondropterygians  and  Dipnoi,  tl 
urogenital  openings  being  in  the  posterior  wall  of  the  recta 
(Symbraruhidoey  PedictUcUi,  and  some  EUetognaihi). 
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are  dioecums,  or  of  distinct  sex.  Instances  of 
vrmaphroditism  are,  with  the  exception  of  Serramis, 
ndividual  peculiarities,  and  have  been  observed  in 
h,  some  PlenronectidsB,  and  in  the  Herring.  Either 
tive  organ  of  one  side  was  found  to  be  male,  that 
3r  female ;  or  the  organ  of  one  or  both  sides  was 
>  have  been  developed  partly  into  an  ovary  partly 
icle.  In  the  European  species  of  Serranus  a  tes- 
K)dy  is  attached  to  the  lower  part  of  the  ovary; 
specimens  of  this  genus  are  undoubtedly  males, 
mally  developed  testicles  only. 
ijority  of  fishes  are  oviparous,  comparatively  few 
;  the  embryos  being  developed  either  in  the  ova- 
.  some  dilated  portion  of  the  o^dduct.  In  vivi- 
es  actual  copulation  takes  place,  and  the  males  of 
em  are  provided  with  copulatory  or  intromittent 
n  oviparous  fishes  the  generative  products  are, 
ual  excitement,  discharged  into  the  water,  a  very 
itity  of  semen  being  sufficient  for  effectual  im- 

of  a  number  of  ova  dispersed  in  a  considerable 
»f  water;  circumstances  which  render  artificial 
m  more  practicable  than  in  any  other  class  of 

ndiiostoma  the  generative  organs  occupy  the  ventral 
abdominal  cavity,  into  which  they  discharge  their 
No  ducts  are  developed  in  either  sex. 
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In  the  Cyclostomes  the  generative  organ  is  single,  and 
fixed  to  or  suspended  from  the  median  line  of  the  back  of 
the  visceral  cavity  by  a  duplicature  of  the  peritoneum  (me»- 
avium);  the  testicle  and  ovary  being  distinguishable  by 
their  contents  only.  These  escape  by  dehiscence  of  the  cellB 
or  capsules  and  rupture  of  the  peritoneal  covering  into  the 
abdominal  cavity,  and  are  expelled  by  reciprocal  pressure  of 
the  intertwined  sexes  through  the  poras  genitalis,  which  is 
sunk  between  two  labia  of  the  skin  in  Myxine,  and  produced 
into  a  long  papilla  in  Petromyzon. 

The  ova  of  the  Lampreys  are  small,  globular,  like  those  of 
Teleosteans.  Those  of  Myxine  have  a  very  peculiar  shape 
when  mature ;  they  are  of  an  oval  form,  about  15  millimeties 

long  and  8  millimetres  broad,  enveloped  in 
a  homy  case,  which  at  each  end  is  provided 
with  a  bundle  of  short  threads,  each  thiead- 
ending  in  a  triple  hook.      Whilst  in  th^ 
mesoarial  fold  the  eggs  are  attached  to  on^ 
another  by  means  of  these  hooks,  and  afte"^ 
being  expelled  they  probably  fix  themselves 
by  the  same  means  to  other  objects.   As  in  sLM 
fishes  producing  ova  of  large  size,  the  numbed 
of  ova  matured  in  one  season  is  but  small 
In  Teleosteans  the  generative  organs 


^Mfeu- 


Fig.   69.— Ovum  of 

Myxine  gintinosa,  Comparatively  large.    In  some  fiEunilies  thS 
enlarged.  ovaries  are  without  closed  covering  and  with--* 

out  oviducts,  as  in  Salnwnidcey  Chdaxiidce,  NotopteridiE,  Mwxg^ 
nidce,  and  others.     The  surface  of  such  an  open  ovary — ' 
as,  for  instance,  that  of  the  Salmon — ^is  transversely  plaited^ 
the  ova  being  developed  in  capsules  in  the  stroma  of  ih0 
laminae ;  after  rupture  of  the  capsules  the  mature  ova  drop 
into  the  abdominal  cavity,  and  are  expelled  by  the  poms 
genitalis.    The  ovaries  of  the  other  Teleosteans  are  closed 
sacs,   continued   into    oviducts.     Frequently   such   ovaries 
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>ale3ce  into  a  single  body,  or  one  in  which  the  division 
.  effected  interaally  only  by  a  more  or  less  complete  sep- 
XBO.  Fixed  by  a  mesoarium,  the  ovaries  occupy  generally 
.  position  outwaids  of  the  intestine  or  air-bladder ;  their 
onn  varies  as  well  as  the  thickness  and  firmness  of  their 
covering,  vbich  frequently  is  an  extremely  thin  trans- 
jarent  membrane.  The  inner  surface  of  the  ovarian  sac 
is  tnnsversely  or  longitudinally  plaited  or  covered  with 
fiinges,  on  which  the  ova  are  developed,  as  in  the  open 
ovuiea.  In  the  viviparous  TeleoBteans  the  embryons  are 
likewise  developed  within  the  ovary,  notably  in  the  Embio- 
loniiiz,  many  BUimiida,  and  Cyprinodontida,  SdxLOea  vivi- 


'l'  ift-.4)itnma  aigoiUDm,  with  foUjr  derelopad  young,  read;  for  eipulsioii 
bf  Uie  ganltai  orifice^  o;  a,  folds  of  the  ovariui  uc  ;  v,  vent. 

t^tic  Among  the  Cyprinodonts  the  end  of  the  oviduct 
■  ■ttacbed  to  the  anterior  anal  rays,  which  are  modified 
"^  npports  of  its  termination.  In  Bhodeus  the  oviduct 
1  periodically  prolonged  into  a  long  oviferous  tube,  by 
^'Uh  (4  which  the  female  deposits  her  ova  into  the  shells 
■  fining  Bivalves. 

"Re  ova  of  Teleosteons  Fishes  are  extremely  variable  in 
■i^  quite  independently  of  the  size  of  the  parent  species, 
''■e  OTB  of  large  and  small  individuals  of  the  same  species, 
n  ooBTse,  do  not  differ  in  size ;  but,  on  the  whole,  hu^er 
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individuals  produoe  a  greater  number  of  ova  than  smal 

ones  of  the  seone  species.    The  larger  the  size  of  the  ova 

in  a  species,  the  smaller  is  the  number  produced  during  c 

season.    The  ova  of  the  Eel  are  almost  microscopic    T 

small  sized  roe  in  the  Herring,  Lump-fish,  Halibut,  a 

Cod-fish,  have  been  estimated  at  respectively  25,000, 155,0 

3,500,000,  and  9,344,000.    Larger  in  size  and  fewer  in  nu 

ber  are  those  of  ArUennaritis,  ScUmo,  Aspredo,  Zophobram 

etc.     Comparatively  largest  are  those  of  OastrosUus;  a 

the  Siluroid  genus  Arivs,  the   males  of  whi 

take  care  of  their  progeny,  produces  ova  fire 

5  to  10  millimeters  in  diameter.      The  ova 

Pig  71        all  Teleosteans  are  perfectly  globular  and  sol 

Ovumof  Arius   shelled.  *   Telcosteaus   without  oviduct,  depoe 

Ion)  showing  ^^®°^  Separated  from  one  another ;  whilst  in  mat 

embryo.  Nat.   Telcostcans  with  an  oviduct  the  ova  are  ei 

^"®*  veloped  in  a  glutinous  substance,  secreted  by  i 

glands,  swelling  in  the  water  and  forming  lumps  or  cords, : 

which  the  ova  are  aggregated.    . 

Instances  of  the  female  taking  care  of  her  progeny  a 
extremely  scarce  in  fishes.  At  present  only  two  exampl 
are  known,  that  of  the  Siluroid  genus  Aspredo,  and  of  Sokn 
stoma.  In  the  former,  during  the  time  of  propagation,  t 
integuments  of  the  lower  side  of  the  flat  trunk  of  the  temi 
assume  a  soft  and  spongy  texture.  After  having  deposit 
the  eggs,  the  female  attaches  them  to,  and  presses  the 
into,  the  spongy  integument,  by  merely  lying  over  the 
She  carries  them  on  her  belly,  as  the  Surinam  Toad  (Ptj 
carries  her  ova  on  the  back.  When  the  eggs  are  hatched  t 
excrescence  on  the  skin  disappears,  and  the  abdomen  becon 
as  smooth  as  before.  In  Solenostoma  the  inner  side  of  the  Ic 
and  broad  ventral  fins  coalesces  with  the  integuments  of  t 
body,  a  lai^e  pouch  being  formed  for  the  reception  of  the  e^ 
There  is  a  peculiar  provision  for  the  retention  of  the  e\ 
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ia  tbe  sac,  aai  probably  for  the  attachmeDt  of  the  embryo. 


'^  ft-AbdoDM  of  AMpndv  iainielHtM,  wltli  the  on  atUebed ;  >t  <i,  th*  on 
■"  KBVnd,  to  ihow  the  tpoogj  itnictDre  of  the  ikin,  ud  the  pnxiMHi 
Bb(  Iha  liilaiipMn  between  the  ot>.     (Netnnl  siie.) 

Tbe  inner  walla  of  tlie  sac  are  lined  -with  long  filaments, 
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arranged  in  series  aloi^  the  ventral  rays,  and  more 


Fig.  73. — Solenostoma  cyanoptflnim  9  (Indian  Ooean). 

rous  and  longer  at  the  base  of  the  rays  than  in  the  middle 

of  their  length,  behind  which  they  disappear 
entirely.    They  are  also  more  developed  id 
examples  in  which  eggs  are  deposited  in 
the  sac  than  in  those  which  have  the  sac 
empty.      The  filaments    most    developed 
have  a  length  of  half  an  inch,  and  are  besets 
with  mamilliform  appendages.    A  slightly 
imdulated  canal  runs  along  the  interior  o^ 
the  filament 

^Vrf^rVthi  The  Testides  of  the  Tdeosteans  are  al^ 
ventral  fina  of  Sole-  ways  paired,  and  occupy  the  same  positioi^ 
'"'^.i,    I^^'Z  as  the  ovaries.      Their  size  varies  extras 

aspect ;  the  edges  of 

the  fina  have  been  Ordinarily  at  the  different  seasons  of  th^ 
pushed  aside  toaUow  y^  deferentia  are  constant    Ir::^ 

of  a  view  of  the  in-   "^ 

side  of  the  pouch,  the  males  of  viviparous'  Teleosteans  th^ 
(Natural  size.)         urogenital  papilla  is  frequently  enlaige^E 

and  clearly  serves  as  an  intromittent  organ.    In  Clinus  degpid^^ 
latiis  the  vas  deferens  widens  within  the  abdomen  iuto 
cavity  occupied  by  a  complex  network  of  loose  fa8cicaB--3 
rising  from  the  mucous  membrane.    The  cavity  can  be  coikx- 
pressed  by  a  special  powerful  muscle,  the  accumulated  semen 
being  thus  expelled  with  considerable  force  through  the  nar- 
row aperture  of  the  penis.    In  many  Cyprinodonts  the  va» 
deferens  runs  along  the  anterior  anal  rays,  which  may  be 
thickened,  and  prolonged  into  a  long  slender  organ. 
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7  Teleoatei  take  care  of  their  progeny,  but  intb  the 


Rg.  7S.— ayngnatbi 

n  of  Aspredo  and  SoUnostoma,  mentioned  above  (p. 

is  the  male  on  which  this  duty 
L  In  some,  as  in  Coitus,  OasiTotteus, 
ruB,  Antennarius,  Ophioccphalus, 
iyj,  the  male  constructs  with  more 
skill  a  nest,  and  jealously  guards 
deposited  in  it  by  the  female. 
!e  of  some  species  of  Arius  carries 

(F^.  7l)  about  with  him  in  his 
IS  pharynx.  The  species  of  Chromia, 
ng  tiie  sea  of  Galilee,  are  said  to 
■e  of  their  ova  in  the  same  manner, 
lally,  in  the  Lophobranchs,  nature 
■A  this  instinct  by  the  development 
ach  on  the  abdomen  or  lower  side 
liL  In  the  Syngnathidte  this  pouch 
d  by  a  fold  of  the  skin  developed 
cfa  side  of  the  trunk  and  tail,  the 
tgine  of  the  fold  being  firmly  united 
median  Une,  whilst  the  eggs  are  ^  7e-^»b^»dj 
atcbed  in  the  inside  of  the  pouch. 
ooMmput  the  pouch  is  completely 
nth  a  narrow  anterior  opening. 

genital  organs  of  Oanoids  show 
diversity  of  structure  as  those  of 
ana,  but  on  the  whole  they  approach 


acoi,  with  tbe  70ung, 
nadj  to  leave  tbe 
pouch.  One  side  of 
the  membrane  of  the 
pooch  ia  puihed 
uide  to  admit  of  a 
view  of  ita  intetior. 

(NatnralaiM.) 
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the  Batrachian  type.  The  ovaries  are  not  closed,  except 
Lepidosiren;  all  Ganoids  possess  oviducts.  In  the  Stuige 
the  oviduct  as  well  as  the  vas  deferens  is  represented 
a  funnel-shaped  prolongation  of  the  peritoneum,  which  en 
municates  with  the  wide  ureter.  The  inner  aperture 
the  funnel  is  on  a  level  of  the  middle  of  the  testicle 
ovary,  the  outer  within  the  ureter ;  and  it  is  a  notewort 
fact  that  only  at  certain  periods  of  the  life  of  the  fish  tl 
outer  aperture  is  found  to  be  open, — at  other  times  the  pe 
toneal  funnel  appears  as  a  closed  blind  sac  within  the  oret 
The  mode  of  passage  of  the  semen  into  the  funnel  is  not  kno^ 

In  Polypterus  and  Amia,  proper  oviducts,  with  abdomii 
apertures  in  about  the  middle  of  the  abdominal  cavity,  a 
developed ;  they  coalesce  with  the  ureters  dose  to  the  ooi 
mon  urogenital  aperture. 

In  Ceraiodus  (Fig.  77),  a  long  convoluted  oviduct  exteD 
to  the  foremost  limit  of  the  abdominal  cavity,  where  it  ope 
by  a  slit  at  a  considerable  distance  from  the  front  end  of  t 
long  ovary ;  this  aperture  is  closed  in  sexually  immature  spe 
mens.  The  oviducts  unite  close  to  their  common  opening 
the  clo£U^  During  their  passage  through  the  oviduct  the  c 
receive  a  gelatinous  covering  secreted  by  its  mucous  me 
brane.  This  is  probably  also  the  case  in  Lepidosiren^  wh 
possesses  a  convoluted  oviduct  with  secretory  glands  in  1 
middle  of  its  length.  The  oviduct  begins  with  a  funi 
shaped  dilatation,  and  terminates  in  a  wide  pouch,  wh 
posteriorly  commimicates  with  that  of  the  other  side,  b 
opening  by  a  common  aperture  behind  the  urinary  bladdei 

The  ova  of  Ganoids,  as  far  as  they  are  known  at  pres< 
are  small,  but  enveloped  in  a  gelatinous  substance.  In 
Sturgeon  have  been  counted  as  many  as  7,635,200.  Th 
of  Lepidosteus  seem  to  be  the  largest,  measuring  5  millimel 
in  diameter  with  their  envelope,  and  3  millimetres  with 
it.    They  are  deposited  singly,  like  those  of  Newts. 


OBOiBS  or  BEFBODUCnOK. 
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In  ChondropterygianB  (and  Soloc^hali)  the  organs  of  »- 
production  assume  a  more  compact  form,  and  are  more  fee 
from  a  lengthened  attachment  to  the  back  of  the  abdomiiiBl 
cavity.  The  ovaries  of  the  minority  are  paired,  single  in 
the  Carehariidce  and  ScyUiidce,  one  remaining  undevelopeil 
But  the  oviducts  are  always  paired,  b^^inning  immediatdj 
behind  the  diaphragma  with  a  common  aperture.  Thej 
consist  of  two  divisions,  separated  by  a  circular  valve ;  tif 
upper  is  narrow,  and  provided  within  its  coats  with  a  gluC 
which  secretes  the  leathery  envelope  in  which  most  * 
the  Chondropterygian  ova  are  enclosed;  the  lower  fomi 
the  uterine  dilatation,  in  which  the  embryoea  of  the  viri- 
parous  species  are  developed.  Generally  the  vitelline  BV 
of  the  embryoes  is  free,  and  without  connection  with  Uv 
uterus,  which  in  these  cases  has  merely  the  function  o 
a  protecting  pouch ;  but  in  Carcharias  and  Mnstelns  bevia 
placenta  uterina  is  formed,  the  vascular  walls  of  the  vitellin 
sac  forming  plaits  fitting  into  those  of  the  membrane  of  tt 


Fig.  78. — VeDtrel  Sdb  and  dupers  of  Cbilaccylliiini  triipacnl&ra. 

uterus.    The  ends  of  the  uteri  open  by  a  common ,  apertoH 
behind  the  ureter  into  the  cloaca. 
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Tbs  testicles  are  always  paired,  rounded,  aod  situated  in 
the  anterior  part  of  tlie  abdominal  cavity,  covered  by  tlie 
liver.  Tata  effermtia  pass  the  semen  into  a  much-convoluted 
i^i^fmia,  which  is  condnned  into  the  vaa  deferens;  this, 
It  tiie  commencement  of  its  course,  is  spirally  wound,  but 
IjMomea  straight  behind,  and  has  its  end  dilated  into  a 
•eninal  reservoir.  It  opens  with  the  uretbia  in  &  papilla 
«ithiD  the  cloaca. 

The  so-called  elasptra  of  Chondropterygians  (Fig.  78)  are 
cliUHcteristic  of  all  male  individuals.  They  are  semi-ossified 
^ipesdages  of  the  pubic,  with  which  they  are  movably  joined. 
Hid  special  muscles  serve  to  regulate  their  movements.  Some- 
liinea  they  are  armed  with  hook- 
lie  osseous  excrescences  {Stlache). 
I^f  are  irregularly  longitudinally 
wiToIuted,  and,  when  closely  ad- 
[«wed  to  each  other,  form  a  canal 
(ipen  at  their  extremity.  A  gland, 
"inndantly  discbaiging  a  secre- 
tioa  dnring  the  season  of  pro- 
pag&tioii,  is  situated  at,  and  opens 
iiUo,  the  base  of  the  canaL  It  is 
ttindoDbtful  whether  the  generally- 

•^opted  opinion    that  their  func- 

HCQ  consists  in  holding  the  female 

^"liig  copulation    ia    correct,    or 

^"*i^  they  are  not  rather  an  in- 

"^^uittent  organ,  the  canal  of  which 

W  only  conducts  the  secretion  of 

'^  proper  gland    but   also    the 

"Dpt^nating  fluid. 

lie  ova  of  the  oviparous  Chon- 
flWptoygians  are  large  and  few  in 
lumber ;  they  are  successively  im- 


I 

Tig.  79.— Efeg  of  •  Scylllum 
from  Higelhui'a  Stnlta  (T  Sc 
chilense).     Natural  lize. 


pregnated,  Bud  the  impregiiatioii  miuit  take  place  befcoe  i. 
are  invested  with  a  tough  leathery  envelope  which  wonM 


Fig.  SO.  —Egg-shell  of  Ceatncioa  phillppl,  half  lutunl  kite,  linear. 

I.  ISztenial  Tier.     U.  Verticil  lectlon. 

a,  One  sidnl  ridge  ;  b.  The  other  tpiitl  ridge  ;  c,  Gtyitj  tor  the  onuiL 

impenetrable  to  the  semen,  that  is,  before  they  enter  the  utei 
therefore,  copulation  must  take  place  in  all  these  fishes.  ' 
form  of  the  ^-shell  differs  in  the  various  genera ;  genrai 
(Fig.  79)  they  are  flattened,  quadrangular,  with  each  of 
four  comers  produced,  and  frequently  prolonged  into  1 
filamento  which  serve  for  the  attachment  of  the  ova  to  el 
fixed  objects.  In  Nblidanus  the  surfaces  are  crossed 
numerous  ridges.  In  Cestracion  (Fig.  80)  Uie  e^  is  pyrift 
with  two  broad  ridges  or  plates,  wound  edgewise  ronnc 
the  two  ridges  forming  five  spires.     The  eggs  of  Catlorhym 
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(Ilg.  81)  have  leceived  a  protective  resemblance  to  a  broad- 
leaved  facQB,  fomung  a  long  depressed  ellipse,  witb  a  plicated 
indEnnged  maigin. 


CHAPTER  XIIL 

GBOWTH  AKD  TABIATIOM  OF  nSHES. 

Changes  of  form  nonnally  accompanying  growth  (afto  »■''' 
sorption  of  Qie  vitelline  sac)  are  observed  in  all  Saba^' 
but  in  the  mfyority  they  affect  only  the  proportional  ai^* 
of  the  various  parte  of  the  body,  t* 
young  fishes  the  eyes  aie  constantly  laig^* 
than  in  adult  relatively  to  the  size  of  tlv-' 
head ;  and  again,  the  head  is  larger  rel9-' 
tively  to  that  of  the  body.  Changes  amonn''^ 
Tie  82.— Month  of  ''^  ^  metamorphosis  have  been  hitherfc* 
Lirvm  of  Petromy-  obseTved  in  Petromyzoji  only.  In  the  k*^ 
ton  br^iciiiJii  ^^  condition  (Ammoccetes)  the  head  * 
very  small,  and  the  toothless  buccal  cavi(y  is  surround^** 
by  a  semicircular  upper  lip.  Tt*^ 
eyea  are  extremely  small,  hi*l' 
den  in  a  shallow  groove;  an^ 
the  vertical  fins  form  a  coB" 
tinuous  &inge.  In  the  conne  **' 
three  or  four  years  the  teelh  ^^ 
developed,  and  the  month  chan^^ 
into  a  perfect  suctorial  oigu>> 
Rg.  83.— MonthofPatromyioii  (Jig  gyea  grow:  and  the  dols»' 
nur,MunUrytoothj™J,M»ndi.   fio  ^   divided  intO    tWO  dlVUIOB* 

biliary  tooth  j  I,  Ungui  tooth ;  In    Molacopterygians    and  .Aw 

**  cantha  the  embtyonal  fringe  £ton> 

which  the  vertical  fins  are  developed,  is  much  longer  pei' 
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lan  in  Acanthopterygians.  A  metamorphosis  relating 
3spiratory  organs,  as  in  Batrachians,  is  indicated  in 
I  of  Fishes  by  the  external  gills  with  which  foetal 
imes  (Fig.  58,  p.  136)  and  the  young  of  some  Gkmoids, 
Protopterus  and  Polyptertis,  are  provided, 
of  the  most  extraordinary  changes  by  wych,  during 
the  form  and  position  of  several  important  organs 
ed,  occurs  in  Flat-fishes  {PUuronedidce)  ;  their  young 
oaetricaUy  formed,  with  a  symmetrical  mouth,  and 
eye  on  each  side,  and,  therefore,  keep  their  body  in  a 
position  when  swimming.  As  they  grow  they  live 
the  bottom,  and  their  body,  during  rest,  assiunes  a 
d  position ;  in  consequence,  the  eye  of  the  lower  side 
>wards  the  upper,  which  alone  is  coloured ;  and  in 
uera  the  mouth  is  twisted  in  the  opposite  direction, 
le  bones,  muscles,  and  teeth  are  much  more  developed 
Lind  side  than  on  the  coloured.  In  a  great  niunber  of 
^008^'  certain  bones  of  the  head  show  a  very  different 
the  young  state.  Ossification  proceeds  in  those 
the  direction  of  lines  or  radii  which  project  in  the 
spines  or  processes;    as  the  interspaces  between 


-Annatnre  of  pneoperculum  of  young  Caranz  ferdau.     (Magnified. ) 
ui  indiTidiia],  1|  inch  long.     IL  Of  an  indiyidual,  2  inches  long. 

tx^esses  are  filled  with  bone,  the  processes  disap- 
irdy,  or  at  least  project  much  less  in  the  older  than 
anger  individuals  (Fig.  84).  The  young  of  some  fishes 
mned  with  a  long  powerful  prseopercular  or  scapular 
show  a  serrature  of  which  nothing  remains  in  the 
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adult  fish  except  some  ridges  or  radiating  lines.    Iliese  p 
cesses  seem  to  aerre  as  weapons  of  defence  daring  a  pet 
in  the  life  of  the  fish  in  which  it  needs  them  moat, 
not  a  few  instances  a  portion  of  this  armature  is  so  mi 


TSg.  86.— ThoIichthTs 


the  natonl  liie. 


developed  that  the  disappearance  of  its  moat  projecting  pa 
with  the  growth  of  the  fish  is  not  only  due  to  its  being  s 
rounded  hj  other  boD^  but^  portia 
at  least,  caused  by  ahstoption.    1 
Carangida,  Cyttidee,  Sjuamipim 
Xiphiidee,  offer  instances   of  bi 
remarkable  changea     A  fish,  ' 
scribed  as  ThdidUhys  ostau  (I 
85),   is    probably   the  young  ol 
Cyttoid,  the  supra-scapnla,  huma 
Fig.  86. — noiichthy«-at«ge  of  and  pTsopeTculum    forming  en 
°* ' ''  mously  enlarged  plates.    In  the  f 

Fig.  S6  those  bones  appear  still  enlaiged,  and  tiie  boot 
develop  a  remarkably  long  and  curved  horn  above  tite  oil 
In  the  Tholiehihyg-aia^  of  PomaeantTiut  (specimens  10  mi 
metres  long,  Fig.  87),  the  frontal  bone  is  prolonged  inb 
straight  lancet-shaped  process,  nearly  half  as  long  as  1 
body;  the  sapmscapolar  and  pneopetcnlar  processes  G0< 


lod  litde  the  dorsal  and  ventral  fina.     The  plates  attached  to 
the  shonlder-giidle  remain  persistent  until  the  young  £ah 


Wig.  87. — ^loUdithTi-tUg*  of  Pomkanthnt  (mign.)    AtUntIc 

"*■  assumed  the  form  of  the  adult;    thus  they  are  still 

^Tile  in  young  Chxetodtm  eitrinellus, 

*0  millimetres  long,  in  which  the 

specific  diazactets  are  already  fully 

dnekiped.— The   Sword-fishes   with 

Vmtnl    fins   (Siatiophorus)    belong 

totbeTeleosteans  of  the  largest  size; 

W  fOQug  individuals,  9  millioietres 

"Bg  (Fig.  89),  both  jaws  are  pro- 

'^°ad,  and   armed  with   pointed    teeth;    the   supra-orbital 

"fgin  is  ciliated;  the  parietal  and  prseoperculum  are  pri>- 

'"ffi  into  long  spines;    the  dorsal  and  anal  fins  are  a 

■n  binge,  and  the  ventrals  make  tlieir  appeamnce  as  a 

Pw  of  short  bods.     When  14  millimetrea  long  (Fig.  90) 

W  Toiing  fish  has   still  the  same  armature  of  the  head, 

"&  Ute  d(Hsal  fin  has  become  much  higher,  and  the  ventral 
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filaments  have  grown  to  a  great  length.    At  a  Quid  Btag<> 


Fig.  90.— Tonng  Sword-flab  (HirtiopIionuX  H  mill.  long. 
Sontb  Atkntic.     (Mign.) 

when  the  fish  has  attained  to  a  length  of  60  millimdic 


ng.  91. — Tonng  Svord-fiah  (Hiitiophonu),  60  mill.  long.      Hid-Afliotk. 

Gm,  upper  jaw  is  considerably  prolonged  beyond  the  loTO; 
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Icong  its  teeth ;  the  spines  of  the  hesd  are  shortened,  and  the 
fins  assnme  Dearly  the  shape  which  they  retain  in  mature  indi- 
Tidoak  Young  Sword-fishes  without  ventral  fins  {Ziphias) 
andeigo  similar  changes ;  and,  besides,  their  skin  is  covered 
with  small  rough  excrescences  longitudinally  arranged,  which 
contJnae  to  be  visible  after  the  young  fish  has  assumed  the 
Ibmof  the  mature  in  ot^er  respects  (Fig.  92). 


Ttg.  92. — ZlpbUa  ^4diDB,  young,  sbont  8  indiea  long. 

The  Plecb^naths  show  no  less  extraordinary  changes : 
*D  otraordinary  form  taken  in  Uie  South  Adantic,  and 
DUHd  Ottraeion  ioops,  is  con- 
«ieted  by  Liitken  to  be  the 
T«uig  of  a  Sunfish  {Orlhago- 
nwi).  In  very  young  more 
rimced  Sun-fishes  (18  to  32 
"uDinietres)  the  vertical  dia- 
"s'ff  of   the    body    exceeds, 

*  is  not  much  less   than,   the    Fig.  ea— "OrtraeioDboDpa"()nneh 
••^Minal;   and   small   coni-  nugaified). 

*  ^inea  are  scattered  over  its  various  parts.    The  caudal 


1(  M.-Toaiig  of  Orttugorlaciu,  lSuidS2  miU.  long.     (NatnnJd 

""  B  Jereloped  long  after  the  other  vertical  fins. 
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Similar  changes  take  place  in  a  number  of  other  fidiec 
and  in  many  cases  the  young  are  so  different  that  they  W6P 
described  as  distinct  genera :  thus  PriacaniicJUhys  has  prorei 
to  be  the  young  of  Serranus,  Bhynchichthys  that  of  Holocm 
trum,  CephfOlacarUhus  of  Dactylopterus,  JDieratus  of  Thynitti 
Nauderus  of  Ntmcrates,  Porthmeus  of  Chorinemus,  Lampiuj^ 
of  Coryphoena,  Acronurvs  of  AcawthuruSy  Keris  of  NoMm 
Pordbrondvus  of  Fierasfer,  Cauchia  of  Motdla,  Stomiamncd% 
of  Stomias,  etc. 

The  fins  are  most  frequently  subject  to  changes;  bn 
whilst  in  some  fishes  parts  of  them  are  prolonged  into  fiL 
ments  with  age,  in  others  the  filaments  exist  during  the  eari 
life-periods  only ;  whilst  in  some  a  part  of  the  dorsal  or  H 
ventral  fins  is  normally  developed  in  the  young  only,  i 
others  those  veiy  parts  are  peculiar  to  the  mature  age.  Tl 
integuments  are  similarly  altered  :  in  some  species  the  youi 
only  has  asperities  on  the  skin,  in  others  the  young  a; 
smooth  and  the  old  have  a  tubercular  skin;  in  some  tl 
young  only  have  a  hard  bony  head ;  in  others  (some  Sili 
roids)  the  osseous  carapace  of  the  head  and  neck,  as  it  appea 
in  the  adult,  is  more  or  less  covered  with  soft  skin  wbil 
the  fish  is  young. 

In  not  a  few  fishes  the  external  changes  are  in  relatia 
to  the  sexual  development  (CaUianymvs,  many  Ldbyrinihiei 
Cyprinodonts).  These  secondary  sexual  differences  show  them* 
selves  in  the  male  individual,  only  when  it  commences  to  ento 
upon  his  sexual  functions,  and  it  may  require  two  or  mow 
seasons  before  its  external  characteristics  are  fully  developed. 
Immature  males  do  not  differ  externally  fix)m  the  old  female. 
The  male  secondary  sexual  characters  consist  principally  in 
the  prolongation  of  some  of  the  fin-rays,  or  of  entire  fins ;  and 
in  SalmonidcB  in  the  greater  development  of  the  jaw-boneft 
The  coloration  of  the  male  is  in  many  fishes  much  biightei 
and  more  variegated  than  that  of  the  female,  but  in  oom* 
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pantively  few  permanent  (as  in  some  Callionymus,  Zdbrus 
hiatus);  generally  it  is  acquired  immediately  before  and 
imng  the  season  of  propagation  only,  and  lost  afterwards. 
Another  periodical  change  in  the  integuments,  also  due  to 
aeznal  influence  and  peculiar  to  the  male,  is  the  excrescence 
of  wart-like  tubercles  on  the  skin  of  many  Cyprinoids  ;  they 
ue  developed  chiefly  on  the  head,  but  sometimes  extend  over 
the  whole  body  and  all  the  fins. 

With  r^ard  to  size,  it  appears  that  in  all  Teleosteous  fishes 
the  female  is  larger  than  the  male ;  in  many  Cyprinodonts  the 
Dttle  may  be  only  onensixth  or  even  less  of  the  bulk  of  the 
.  fanale.  The  observations  on  the  relative  size  of  the  sexes 
ttefew  in  P^dseichthyes,  but  such  as  have  been  made  tend  to 
diow  that,  if  a  difference  exists  at  all,  the  male  is  generally 
the  larger  (Lqndosteus).  In  the  Bays  {Raja)  the  sexes,  after 
thqr  have  attained  maturity,  differ  in  the  development  of 
iennal  spines  and  the  form  of  the  teeth,  the  female  being 
fieqaently  much  rougher  than  the  male.  There  is  much 
aviation  in  this  respect  in  the  different  species;  but  the 
iB&Ies  are  constantly  distinguished  by  an  oblong  patch  of 
'  ^wctfle  dawlike  spines  on  each  pectoral  fin,  and  by  having 
tke  teeth  (all,  or  only  a  portion)  pointed,  and  not  obtuse,  like 
those  of  the  females.  In  Sharks  no  secondary  sexual  differ- 
Oioes  have  been  observed;  the  male  Chimceridce  (see  Fig. 
^1  p.  184),  possess  a  singular  comblike  cartilaginous  ap- 
I*ndage  on  the  top  of  the  head,  which  can  be  erected  or 
^>res8ed  into  a  groove,  both  the  appendage  and  the  anterior 
P^  of  the  groove  being  armed  with  booklets.  The  use  of 
this  smgolar  organ  is  not  known. 

The  majority  of  Teleostei  are  mixogamous — that  is,  the 
^"^  and  females  congregate  on  '  the  spawning-beds,  and 
the  number  of  the  former  being  in  excess,  several  males 
*^d  to  the  same  female,  frequently  changing  from  one 
female  to  another.    The  same  habit  has  been  observed  in 

N 
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Zepidosteus.  Gastrosteus  is  truly  polygamous,  several  female 
depositing  their  ova  into  the  same  nest,  guarded  by  qii< 
male  only.  Some  Teleostei  (Ophiocephalus),  and  probably  al 
Chondropterygians,  are  monogamous ;  and  it  is  asserted  tha 
the  connection  between  the  pair  is  not  merely  temporaiy,  ba 
lasts  until  they  are  separated  by  accident  Monogamous  an 
probably  also  all  those  Teleosteans  which  bring  forth  living 
young,  and  those,  the  males  of  which,  for  the  attraction  a 
the  female,  are  provided  with  appendages,  or  omamentec 
with  a  bright  coloration. 

Hybridism  is  another  source  of  changes  and  variatioDi 
within  the  limits  of  a  species,  and  is  by  no  means  so  acaio 
as  has  been  believed  hitherto;  it  is  only  apparently  of  ex- 
ceptional occurrence,  because  the  life  of  fishes  is  more  with 
drawn  from  our  direct  observation  than  that  of  teirestna 
animals.  It  has  been  observed  among  species  of  Serrano 
Pleuroneetidce,  CyprinidcBy  Clupeidce,  and  especially  Salmanid^ 
As  in  other  animals,  the  more  certain  kinds  of  fishes  an 
brought  under  domestication,  the  more  readily  do  they  inter 
breed  with  other  allied  species.  It  is  characteristic  of  hybrid 
that  their  characters  are  very  variable,  the  degrees  of  affinitj 
to  one  or  the  other  of  the  parents  being  inconstant;  anc 
as  these  hybrids  are  known  readily  to  breed  with  either  o; 
the  parent  race,  the  variations  of  form,  structure,  and  coloo^ 
are  infinite.  Of  internal  organs  the  dentition,  gill-rakeis 
pyloric  appendages,  are  those  particularly  affected  by  soA 
mixture  of  species. 

Some  fishes  are  known  to  grow  rapidly  (in  the  counc  o 
from  one  to  three  years)  and  regularly  to  a  certain  size,  growB 
being  definitely  arrested  after  the  standard  has  been  attained 
Such  fishes  may  be  called  "  full-grown,"  in  the  sense  in  whid 
the  term  is  applied  to  warm-blooded  Vertebrates — ^the  Stickk 
backs,  most  Cyprinodonts,  and  many  Clupeoids  (HeniDi 
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fTat,  Pilchard)  are  examples  of  this  r^ular  kind  of  growth.^ 
>at  in  the  majority  of  fishes  the  rate  of  growth  is  extremely 
tegular,  and  it  is  hardly  possible  to  know  when  growth 
)  actoally  and  definitely  arrested.  All  seems  to  depend  on 
be  amoont  of  food  and  the  more  or  less  favourable  circum- 
tances  imder  which  the  individual  grows  up.  Fishes  which 
q»dly  grow  to  a  definite  size  are  short-lived,  whilst  those 
'hich  steadily  and  slowly  increase  in  size  attain  to  a  great 
je,  Teleoeteans  as  well  as  Chondropterygians.  Carp  and  Pike 
ave  been  ascertained  to  live  beyond  a  hundred  years. 

It  is  evident  that  such  diversity  and  irregularity  of 
lowth  in  the  same  species  is  accompanied  by  considerable 
iSerences  in  the  appearance  and  general  development  of 
)e  fisL  No  instance  is  more  remarkable  than  that  of  the 
Hafled  ZeptocepJudi,  which  for  a  long  time  have  been 
eguded  either  as  a  distinct  group  of  Fishes,  or  as  the  larval 
^  of  various  genera  of  fishes. 


Fig.  95. — Leptocephalus. 

The  Leptoetphali  proper  are  small,  narrow,  elongate,  more 
^1^8  band-shaped  fishes,  pellucid  in  a  fresh  state,  but  assum- 

*  Tliis  applies  to  indiTidnaJs  only  growing  up  nnder  normal  conditions. 
^  H.  A.  Meyer  has  made  observations  on  yonng  Herrings.  Individuals 
"^  in  the  aea  had  attained  at  the  end  of  the  third  month  a  length  of 
'^  te  50  millimetrea,  whilst  those  reared  from  artificially-impregnated  ova 
***  o^ly  from  30  to  85  millimetres  long.  "When  the  latter  had  been  snp- 
!vi  vith  more  abimdant  food,  they  grew  proportionally  more  rapidly  in 
^  bOoving  months,  so  that  at  the  end  of  the  fifth  month  they  had  reached 
^  aoie  length  as  their  brethren  in  the  sea,  viz.  a  length  of  65  to  70  milli- 
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ing  a  white  colour  when  preserved  in  spirits,  resemUioi 
tapeworm,  being  quite  fus  soft  and  flexible.  The  skeleton 
entirely  cartilaginous,  or  slight  ossifications  are  only  now  i 
then  visible,  especially  towards  the  end  of  the  vertel 
column.  The  latter  is  replaced  by  a  chorda  dorsalis  wh 
in  many  specimens,  is  found  to  be  divided  into  numei 
segments.  Neural  arches  are  sometimes  present  in  tl 
rudimentary  condition.  The  anterior  end  of  the  cho 
passes  into  the  cartilaginous  base  of  the  skuU,  the  coni 
tion  not  being  by  means  of  joint  and  ligaments.  Bmi 
arches  are  found  on  the  caudal  portion.  Hibs  none.  ' 
skull,  like  the  vertebral  column,  is  nearly  entirely  caiC 
ginous.  The  basi-sphenoid,  fix)ntal,  and  jaw-bones  are 
first  which  may  be  distinguished,  and  the  mandible  1 
generally  ossifications. 

The  muscles  are  generally  not  attached  to  the  chor 
which  is  surrounded  by  a  thick  gelatinous  mass,  separati 
the  lateral  sets  of  muscles  from  each  other.  These  muse 
are  attached  to  the  external  integument,  each  forming  a  tl 
flat  angular  band,  the  angle  being  directed  forwards.  Ho 
ever,  specimens  are  fi'equently  found  in  which  the  muse 
are  more  developed,  evidently  at  the  expense  of  the  ge 
tinous  matter,  which  is  diminished  in  quantity.  They  i 
attached  to  the  chorda,  and  the  entire  fish  has  a  more  cyl 
drical  form  of  the  body  {HelmicMhys). 

The  nervous,  circulatory,  and  respiratory  organs  are  v 
developed.  In  those  with  a  sub-cylindrical  body  the  bk 
is  red,  in  those  with  a  flat  body  the  blood-corpuscles  sh 
but  rarely  a  faint  coloration.  There  are  four  brancli 
arches,  and  in  some  (Tilurus)  pseudobranchiffi  have  h 
found.  The  gill-openings  are  more  or  less  narrow.  1 
nostrils  are  double  on  each  side,  and  the  posterior  is  cl 
to  the  eye. 

The  stomach  has  a  large  blind  sac,  and  in  Leptoeephc 
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vro  lateral  cseca.  The  intestine  is  straight,  running  close  to 
be  abdominal  profile,  with  a  small  appendix  directed  for- 
wd  and  a  larger  one  directed  backwards.  The  vent  is 
«aAj  always  very  small,  and,  in  preserved  examples  at 
»8t)  cannot  always  be  discovered.  Its  position  is  vari- 
ble,  even  in  examples  entirely  similar  in  other  points.  Air- 
ladder  none.    No  trace  of  generative  organs. 

The  vertical  fins,  when  present,  are  confluent,  with  more 

rlees  conspicuous  traces  of  rays ;  sometimes  they  are  merely 

fold  of  the  skin,  without  any  rays.     Pectoral  fins  some- 

imeB  present,   sometimes  rudimentary,  sometimes  entirely 

bsent    Yentrals  none. 

Host  examples  have  series  of  round  black  dots  along 
tth  side  of  the  abdominal  profile,  along  the  lateral  line,  and 
ometimes  along  the  dorsal  fin.  They  remind  us  of  the  lumi- 
«w«  organs  of  n^any  Scopelidce,  Stomiatidce,  and  other  pelagic 
ahes,  but  are  composed  entirely  of  pigmentary  cells. 

These  fishes  are  found  floating  in  the  sea,  frequently  at  a 
IM  distance  from  land.  Their  movements  are  slow  and 
KDgaid.  The  largest  specimen  of  Leptocephalus  observed 
^  10  inches,  but  specimens  of  that  size  are  very  rare. 

[See  Kolliker,  Zeitschr.  wiss.  ZooL  iv.  1852,  p.  360 ;  and  Carus,  Ueber 
die  Leptocepbaliden.     Leipz«  1861.    4to.] 

Taking  into  account  all  the  various  facts  mentioned,  we 
BtBt  come  to  the  conclusion  that  the  Leptocephalids  are 
te  offspring  of  various  kinds  of  marine  fishes,  representing, 
«t  a  normal  stage  of  development  (larvae),  but  an  arrest 
•f  development  at  a  very  early  period  of  their  life ;  they  con- 
inue  to  grow  to  a  certain  size  without  corresponding  develop- 
^^t  of  their  internal  organs,  and  perish  without  having 
i^tsined  the  characters  of  the  perfect  animal  The  cause 
?  which  this  abnormal  condition  is  brought  about  is  not 
^wn ;  bnt  it  is  quite  within  the  limits  of  probability  that 
bhes  osoally  spawning  in  the  vicinity  of  land  sometimes 
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spawn  in  the  open  ocean,  or  that  floating  spawn  is  carried 
by  currents  to  a  great  distance  from  land ;  and  that  such 
embryoes,  which  for  their  normal  growth  require  the  con* 
ditions  afforded  by  the  vicinity  of  the  shore,  if  hatched  in 
mid-ocean,  grow  into  undeveloped  hydropic  creatures,  such  as 
the  Leptocephales  seem  to  be. 

Abundance  or  scarcity  of  food,  and  other  circumstances 
connected  with  the  localities  inhabited  by  fishes,  afiTect  con:' 
siderably  the  colour  of  their  muscles  and  integuments ;  the 
periodical  changes  of  colour  in  connection  with  their  sexual 
functions  have  been  referred  to  above  (p.  176).     The  flesh, 
of  many  Teleostei  is  colourless,  or  but  slightly  tinged  by  the 
blood ;  that  of  Scombridae,  most  Ganoids  and  Chondropteiy- 
gians,  is  more  or  less  red ;  but  in  badly-fed  fishes,  as  well 
as  in  very  yoimg  ones,  the  flesh  is  invariably  white  (anasmic). 
Many  fishes,  like  the  Salmonidce,  feed  at  times  exclusively  on 
Crustaceans,  and  the  colouring  substance  of  these  Inverte- 
brates, which  by  boiling  and  by  the  stomachic  secretion  tunis 
red,  seems  to  pass  into  the  flesh  of  the  fishes,  imparting  to  it 
the  well-known  "  salmon  "  colour.    Further,  the  coloration  of 
the  integimients  of  many  marine  fish  is  dependent  on  the 
nature  of  their  surroundings.     In  those  which  habitually  hide 
themselves  on  the  bottom,  in  sand,  between  stones  or  sea- 
weeds, the  colours  of  the  body  readily  assimilate  to  thoee  of 
the  vicinity,  and  are  thus  an  important  element  in  the  economy 
of  their  life.    The  changes  from  one  set  or  tinge  of  calouis 
to  another  may  be  rapid  and  temporary,  or  mooe  or  less  pe^ 
manent;   in  some  fishes — as  in  the   Fediculati,  .of  which 
the  Sea-Devil,  or  Zophius,  and  Antennarius  are  members-' 
scarcely  two  individuals  are  found  exactly  alike  in  colorar 
tion,  and  only  too  frequently  such  differences  in  coloration  ar© 
mistaken  for  specific  characters.     The  changes  of  colours  ai^ 
produced  in  two  ways  :  either  by  an  increase  or  decrease  of  th^ 
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black,  red,  yellow,  etc.,  pigment-cells,  or  diromatophors,  in  the 
skin  of  the  fish ;  or  by  the  rapid  contraction  or  expansion 
of  the  chromatophors  which  happen  to  be  developed.  The 
former  change  is  gradual,  like  every  kind  of  growth  or  de- 
Tdopment;  the  latter  rapid,  owing  to  the  great  sensitive- 
ness of  the  cells,  but  certainly  involuntary.  In  many  bright- 
sliiniiig  fishes — as  Mackerels,  Mullets — the  colours  appear 
to  be  brightest  in  the  time  intervening  between  the  capture 
of  the  fish  and  its  death  :  a  phenomenon  clearly  due  to  the 
pressure  of  the  convulsively-contracted  muscles  on  the  chro- 
matophors. External  irritation  readily  excites  the  chroma- 
tophors to  expand — a  fact  unconsciously  utilised  by  fishermen, 
vho,  by  scaling  the  Sed  Mullet  immediately  before  its  death, 
pioduce  the  desired  intensity  of  the  red  colour  of  the  skin, 
without  which  the  fish  would  not  be  saleable.  However,  it 
does  not  require  such  strong  measures  to  prove  the  sensitive- 
ness of  the  chromatophors  to  external  irritation,  the  mere 
dttoge  of  darkness  into  light  is  sufficient  to  induce  them  to 
<^tnict^  the  fish  appearing  paler,  and  vi4:e  verm.  In  Trout 
vbich  are  kept  or  live  in  dark  places,  the  black  chromatophors 
tte  expanded,  and,  consequently,  such  specimens  are  very 
ii-coloured ;  when  removed  to  the  light  they  become  paler 
almost  instantaneously. 

Total  absence  of  chromatophors  in  the  skin,  or  AUn- 
•MR,  is  very  rare  among  fishes ;  much  more  common  is 
^iicyteii/  Albinism,  in  which  the  dark  chromatophors  are 
dinged  into  cells  with  a  more  or  less  intense  yellow  pig- 
^t  Fishes  in  a  state  of  domestication,  like  the  Crucian 
Csip  of  China,  the  Carp,  Tench,  and  the  Ide,  are  particularly 
'nbject  to  this  abnormal  coloration,  and  are  known  as  the 
«Mnmon  Goldfish,  the  Gold-Tench,  and  the  Gold-Orfe.  But 
^occurs  also  not  rarely  in  fishes  living  in  a  wild  state,  and 
^  been  observed  in  the  Haddock,  Flounder,  Plaice,  Carp, 
^andEeL 
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It  viH  be  evident,  &om  the  fotegdng  remarks,  that  t' 
amount  of  variation  within  the  Umits  of  the  same  spedn 
either  due  to  the  natural  growth  and  development,  or 
external  physical  conditiona,  or  to  abnormal  accidental  < 
cnmatances — is  greater  in  fishes  than  in  any  of  the  lu^ 
classes  of  Yertebiates.  The  amount  of  variation  is  gres 
in  certain  genera  or  fomilies  tiian  in  otbeia,  and  it  is  mi 
greater  in  Teleoeteans  and  Ganoids  than  in  Chondropte 
gians.  Naturally,  it  is  greatest  in  the  few  species  wb 
have  been  domesticated,  and  which  we  shall  mention  in 
sncceeding  chapter. 
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CHAPTER  XIV. 

ITED  AND  ACCLIMATISED  FISHES  ;  ARTIFICIAL  IMPREG- 
^  OF  OVA — TENACITY  OF  LIFE  AND  REPRODUCTION 
>ST    PARTS — HYBERNATION — USEFUL    AND    POISONOUS 

shea  only  are  thoroughly  domesticated  —  that  is, 
aptivity,  and  capable  of  transportation  within  cer- 
itic  limits — viz.  the  Carp,  Crucian  Carp  (European 
jse  varieties),  Tench,  Orfe  or  Ide,  and  the  Goramy. 
former  have  accompanied  civilised  man  almost  to 
«  of  the  globe  where  he  has  effected  a  permanent 

pts  to  acclimatise  particularly  useful  species  in 
In  which  they  were  not  indigenous  have  been  made 
to  time,  but  were  permanently  successful  in  a  few 
)nly ;  the  failures  being  due  partly  to  the  choice  of 
^hich  did  not  yield  the  profitable  return  expected, 
le  utter  disregard  of  the  difference  of  the  climatic  and 
lical  conditions  between  the  original  and  new  homes 
.  The  first  successful  attempts  of  acclimatisation 
B  with  domestic  species,  viz.  the  Carp  and  Gold- 
1  were  transferred  from  Eastern  Asia  to  Europe. 
lie  first  third  of  the  present  century,  the  Javanese 
raa  acclimatised  in  Mauritius  and  Guiana,  but  no 
}  to  have  been  taken  to  insure  permanent  advan- 
i  the  successful  execution  of  the  experiment.  In 
3  fully  developed  individuals  were  transported  to 
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the  country  in  which  they  were  to  be  acclimatisecL  The 
most  successful  attempt  of  recent  years  is  the  acclimatisation 
of  the  Trout  and  Sea-Trout,  and  probably  also  of  the  Salmon, 
in  Tasmania  and  New  Zealand,  and  of  the  Califomian  Salmon 
(Salmo  quinnat  /),  in  Victoria,  by  means  of  artificiaUy-un- 
pregnated  ova.  The  ova  were  transported  on  ice,  in  order  to 
retard  their  development  generally,  and  thus  to  preserve  them 
from  destruction  during  the  passage  of  the  tropical  zone. 

Artijiciai  impregnation  of  fish-ova  was  first  practised  by 
J.  L.  Jacobi,  a  native  of  Westphalia,  in  the  years  1757-63, 
who  employed  exactly  the  same  method  which  is  followed 
now ;  and  there  is  no  doubt  that  this  able  observer  of  nature 
conceived  and  carried  out  his  idea  with  the  distinct  object 
of  advantageously  restocking  water-courses  which  had  become 
unproductive,  and  increasing  production  by  fecundating  and 
preserving  all  ov6^  of  which  a  great  proportion,  in  the  ordi- 
nary course  of  propagation,  would  be  left  unfecundated  or 
accidentally  perish.  Physiology  soon  turned  to  account 
Jacpbi*s  discovery,  and  artificial  impregnation  has  proved  to 
be  one  of  the  greatest  helps  to  the  student  of  embryology. 

Fishes  differ  in  an  extraordinary  degree  with  r^aid  to 
tenacity  of  life.    Some  will  bear  suspension  of  respiration-^ 
caused  by  removal  from  water,  or  by  exposure  to  cold  or 
heat — for  a  long  time,  whilst  others  succumb  at  once.   Nearly 
all  marine  fishes  are  very  sensitive  to  changes  in  the  tem- 
perature of  the  water,  and  will  not  bear  transportation  ftom 
one  climate  to  another.    This  seems  to  be  much  less  tho 
case  with  some  freshwater  fishes  of  the  temperate  zones :  th^ 
Carp  may  survive  after  being  frozen  in  a  solid  block  of  ic^ 
and  will  thrive  in  the  southern  parts  of  the  temperate  am^ 
On  the  other  hand,  some  freshwater  fishes  are  so  sensitiT^ 
to  a  change  in  the  water  that  they  perish  when  transplanted 
from  their  native  river  into  another  apparently  offering  tJi^ 
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aical  conditions  (Grayling,  Saimo  hucho).  Some 
hes  may  be  abruptly  transferred  from  salt  into 
r,  like  Sticklebacks,  some  Blennies,  and  Coitus,  etc.; 
vive  the  change  when  gradually  effected,  as  many 
fishes;  whilst  again,  others  cannot  bear  the  least 
in  the  composition  of  the  salt  water  (all  pelagic 
hi  the  whole,  instances  of  marine  fishes  voluntarily 
rackish  or  fresh  water  are  very  numerous,  whilst  i 

fishes  proper  but  rarely  descend  into  salt  water, 
ence  from  food  affects  different  fishes  in  a  similarly 
egree.    Marine  fishes  can  endure  hunger  less  than  j 

fishes,  at  least  in  the  temperate  zones,  no  obser-  > 

ving  been  made  in  this  respect  on  tropical  fishes.  : 

Carps,  Eels,  are  known  to  be  able   to   subsist  * 

• 

od  for  months,  without  showing  a  visible  decrease  .' 

whilst  the  Trigloids,  Sparoids,  and  other  marine  \ 

ive  abstinence  from  food  for  a  few  days  only.    In  I 

fishes  the  temperature  of  the  water  is  of  great  t 

m  their  vital  functions  generally,  and  consequently 
petite, — many  cease  to  feed  altogether  in  the  course 
ter ;  a  few,  like  the  Pike,  are  less  inclined  to  feed 

heat  of  the  summer  than  when  the  temperature 


V 


\ 


!ty  is  easily  borne  by  most  fishes,  and  the  appli- 

xluced  in  our  modem  aquaria  have  rendered  it 

)  keep  in  confinement,   and  even  to  induce    to 

fishes  which  formerly  were  considered  to  be  in- 

captivity.  1 

is  affect  fishes  generally  much  less  than  higher 

8.    A  Greenland  Shark  continues  to  feed  whilst  his 

reed  by  a  harpoon  or  by  the  knife,  as  long  as  the 

itre  is  not  touched ;  a  Sea-perch  or  a  Pike  (Fig.  97) 

re  the  loss  of  a  portion  of  its  tail ;  a  Carp  that 

its  snout.    However,  some  fishes  are  much  more 


\ 
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sensitive,  and  perish  even  from  the  superficial  abrasion  caused 
by  the  meshes  of  the  net  during  capture  {Mulbtt) 

The  power  of  rqn'aductian  of  lost  parts  in  Teleofltecm 
fishes  is  limited  to  the  delicate  terminations  of  their  fin-ia; 
and  the  various  tegumentaty  filaments  with  which  some  ai 
provided.  These  filaments  are  sometimes  developed  in  a 
extraordinary  d^ree,  mimicking  the  waving  fronds  of  the  sei 
weed  in  which  the  fish  hides.    Both  the  ends  of  the  fin-ia^ 


Fig.  97. — Pike  caught  in  the  Thames,  which,  when  young,  had  lott  part  oft' 

tail  with  the  candal  fin. 

and  the  filaments  are  frequently  lost,  not  only  by  accident,  b 
merely  by  wear  and  tear;  and  as  these  organs  are  essent 
for  the  preservation  of  the  fish,  their  reproduction  is  necessa] 
In  Dipnoi,  Ceratodus,  and  Protapterus,  the  terminal  porti* 
of  the  tail  has  been  found  to  have  been  reproduced,  but  wit 
out  the  notochord. 

ffybemation  has  been  observed  in  many  Cyprinoids  an 
Mursenoids  of  the  temperate  zones.  They  do  not  fall  into 
condition  of  complete  torpidity,  as  Beptiles  and  Mammal 
but  their  vital  fanctions  are  simply  lowered,  and  they  hw 
in  sheltered  holes,  and  cease  to  go  abroad  in  search  of  th( 
food.  Between  the  tropics  a  great  number  of  fishes  (espei 
ally  Siluroids,  Labyrinthici,  Ophiocephaloids,  the  Dipnc 
are  known  to  survive  long-continued  droughts  by  passi 
the  dry  season  in  a  perfectly  torpid  state,^  imbedded  in  t 
hardened  mud.  Protopterus,  and  probably  many  of  the  oti 
fishes  mentioned,  prepare  for  themselves  a  cavity  laige  enov 
to  hold  them,  and  coated  on  the  inside  with  a  layer 
hardened  mucus,  which  preserves  them  from  complete  dei 
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• 

catioiL  It  has  been  stated  that  in  India  fishes  may  survive 
in  this  condition  for  more  than  one  season,  and  that  ponds 
known  to  have  been  dry  for  several  yeais,  and  to  the  depth 
of  many  feet,  have  swanned  with  fishes  as  soon  as  the  accu- 
mulation of  water  released  them  from  their  hardened  bed. 

The  principal  use  derived  by  man  from  the  class  of  Fishes 
consists  in  the  abundance  of  wholesome  and  nourishing  food 
which  they  yield.  In  the  Polar  regions  especially,  whole 
tribes  are  entirely  dependent  on  this  class  for  subsistence ; 
&Qd  in  almost  all  nations  fishes  fonn  a  more  or  less  essential 
part  of  food,  many  being,  in  a  preserved  condition,  most  im- 
portant articles  of  trade.  The  use  derived  by  man  from  them 
in  other  respects  is  of  but  secondary  importance.  Cod- 
liver  oQ  is  prepared  from  the  liver  of  some  of  the  Gadoids 
of  the  Northern  Hemisphere,  and  of  Sharks ;  isinglass  from 
the  swim-bladder  of  Sturgeons,  Sciaenoids,  and  Polynemoids ; 
sbagreen  from  the  skin  of  Sharks  and  Eays. 

The  flesh  of  some  fishes  is  at  times,  or  constantly,  poison- 
WttL  When  eaten,  it  causes  symptoms  of  more  or  less  intense 
iintation  of  the  stomach  and  intestines,  inflammation  of  the 
mucous  membranes,  and  not  rarely  death.  The  fishes,  the 
'esh  of  which  appears  always  to  have  poisonous  properties, 
^  Clupea  thrissa,  Clupea  venmiosa,  and  some  species  of 
Sctmts,  Tetrodon,  and  Diodon.  There  are  many  others  which 
bave  occasionally  or  frequently  caused  symptoms  of  poison- 

• 

iDg  Poey  enumerates  not  less  than  seventy-two  diSerent 
loDdg  from  Cuba ;  and  various  species  of  Sphi/rcena,  Bcdistes, 
OAroeion^  Caranx,  Zctchnolcemits,  Tetrdgonurus,  Thynnus,  have 
been  found  to  be  poisonous  in  all  seas  between  the  tropics. 
AH  or  nearly  all  these  fishes  acquire  their  poisonous  proper- 
ties from  their  food  which  consists  of  poisonous  Medusae, 
Corals,  or  decomposing  substances.    Frequently  the  fishes 
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are  found  to  be  eatable  if  the  head  and  intestines  be  lemoYC 
immediately  after  capture.  In  the  West  Indies  it  has  bee 
ascertained  that  all  the  fishes  living  and  feeding  on  certa 
coral  banks  are  poisonous.  In  other  fishes  the  poisono 
properties  are  developed  at  certain  seasons  of  the  year  on! 
especially  the  season  of  propagation :  as  the  Barbel,  Pil 
and  Burbot,  whose  roe  causes  violent  diarrhoeas  when  eat 
during  the  season  of  spawning. 

Poison-organs  are  more  common  in  the  class  of  Fishes  th 
was  formerly  believed,  but  they  seem  to  have  exclusively  t 
function  of  defence,  and  are  not  auxiliary  in  procuring  food, 
in  venomous  Snakes.  Such  organs  are  found  in  the  Sting-raj 
the  tail  of  which  is  armed  with  one  or  more  powerful  barbe 


Fig.  98. — Portion  of  tail,  with  spinas,  of  AitobcUis  narinari,  a  Sting-nx 

firom  the  Indian  Ocean,     a,  nat.  size. 

spines.  Although  they  lack  a  special  oigan  secreting  poison 
or  a  canal  in  or  on  the  spine  by  which  the  venomous  fiiud  i 
conducted,  the  symptoms  caused  by  a  wound  firom  the  spin 
of  a  Sting-ray  are  such  as  cannot  be  accounted  for  merely  b 
the  mechanical  laceration,  the  pain  being  intense,  and  tb 
subsequent  inflammation  and  swelling  of  the  wounded  pai 
terminating  not  rarely  in  gangrene.  The  mucus  secrete 
from  the  surface  of  the  fish  and  inoculated  by  the  jagg( 
spine  evidently  possesses  venomous  properties.  This  is  al 
the  case  in  many  Scorpaenoids,  and  in  the  Weaver  {TrdchiniL 
in  which  the  dorsal  and  opercular  spines  have  the  sax 
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function  as  the  caudal  spines  of  the  Sting-rays ;  however,  in 
Qm  Weavers    the   spines   are    deeply   grooved,  the   groove 


'V  n.— A  dorul  ipine,  with 

"rnuon.    Indiin  Ocean. 
being  charged   vith   a 
And  mncus.     In  Stpi- 
•ww  the  poison-oigan 

(%    99.)  ifl  still  more   Rg.i00.-Opercalarpartofth.Poi»n-api»»h.s 

''"ebped :  each  dorsal  of  TtuUaMophtTfM  (Puuiiu). 

Ipilie  is  in  its  terminal   '■  Hinder  lult  of  the  head,  with  the  Tenom-ssc* 

ta.  ,    ,        .  ,  in  sUu.    a,  I^tand  line  and  its  branchea  ; 

provided    with     a  j_  oai-opening  ;  c.  Ventral  flu  ;  <  B«.  of 

^  groove     on     each  PedonU  fln ;  «,  Bue  of  donitL 

^      ,    ,      ,  ,     .  2.  OpercQlam  with  tha  perTorated  apine. 

•Me,  at  the  lower  end  of  r-  r 

^h  lies  a  pear-shaped  bag  containing  the  milky  poison ; 
tt  B  prolonged  into  a  membranous  duct,  lying  in  the  groove 
tfthe  spine,  and  open  at  its  point.  The  native  fishennen,  well 
Hfounted  with  the  dangerous  nature  of  these  fishes,  care- 
UUf  avoid  lianflUng  tliem ;  but  it  often  happens  that  persons 
nding  with  naked  feet  in  the  sea,  step  upon  the  fish,  which 
generally  lies  hidden  in  the  sand.  One  or  more  of  the  erected 
ipines  penetrate  the  skin,  and  the  poison  is  injected  into  the 
woond  by  the  pressure  of  the  foot  on  the  poison-bags.  Death 
fau  not  rarely  been  the  result. 
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The  most  perfect  poison-oigans  hitherto  discovered  in 
fishes  are  those  of  ThcUcuiophryne,  a  Batrachoid  genus  of  fishes 
from  the  coasts  of  Central  America.  In  these  fishes  the  oper- 
culum again  and  the  two  dorsal  spines  are  the  weapons.  The 
former  (Fig.  100,  *)  is  very  narrow,  vertically  styliform  and  very 
mobile ;  it  is  armed  behind  with  a  spine,  eight  lines  long,  and 
of  the  same  form  as  the  hollow  venom-fang  of  a  snake,  being 
perforated  at  its  base  and  at  its  extremity.  A  sac  covering 
the  base  of  the  spine  discharges  its  contents  through  the 
apertures  and  the  canal  in  the  interior  of  the  spine.  The 
structure  of  the  dorsal  spines  is  similar.  There  are  no  secre- 
tory glands  imbedded  in  the  membranes  of  the  sacs ;  and  the 
fluid  must  be  secreted  by  their  mucous  membrane.  The  sacs 
are  without  an  external  muscular  layer,  and  situated  imme- 
diately below  the  thick  loose  skin  which  envelops  the  spines 
to  their  extremity ;  the  ejection  of  the  poison  into  a  living 
annual,  therefore,  can  only  be  effected,  as  in  Sy7ui$ueia,])jiii» 
pressure  to  which  the  sac  is  subjected  the  moment  the  qane 
enters  another  body. 

Finally,  a  singular  apparatus  found  in  many  Siliuoids 
may  be  mentioned  in  coimection  with  the  poison-organs, 
although  its  function  is  still  pioblematicaL    Some  of  these 
fishes  are  armed  with  powerful  pectoral  spines  and  justly 
feared  on  account  of  the  dangerous  wounds  they  inflict; 
not  a  few  of  them  possess,  in  addition  to  the  pectoral  spines, 
a  sac  with  a  more  or  less  wide  opening  in  the  axil  of  the 
pectoral  fin  ;  and  it  does  not  seem  improbable  that  it  contains 
a  fluid  which  may  be  introduced  into  a  wound  by  means  of 
the  pectoral  spine,  which  would  be  covered  with  it,  like  the 
barbed  arrow-head  of  an  Indian.      However,  whether  tto 
secretion  is  equally  poisonous  in  all  the  species  provided  irith 
that  axillary  sac,  or  whether  it  has  poisonous  qualities  at  aH 
is  a  question  which  can  be  decided  by  experiments  only  made 
with  the  living  fishes. 


CHAPTER    XV. 

DISTRIBUTION   OF   FISHES  IN  TIME. 

Or  what  kind  the  fishes  were  which  were  the  first  to  make 
their  appearance  on  the  globe  ;  whether  or  not  they  were 
identical  with,  or  similar  to,  any  of  the  principal  types  exist- 
ing at  present ;  are  questions  which  probably  will  for  ever 
ttmm  hidden  in  mystery  and  uncertainty.  The  supposition 
tbat  the  Leptocardii  and  Cyclostomes,  the  lowest  of  the 
Vertebrate  series,  must  have  preceded  the  other  sub-classes,  is 
III  idea  which  has  been  held  by  many  Zoologists  :  and  as  the 
homy  teeth  of  the  Cyclostomes  are  the  only  parts  of  their  body 
which  under  favourable  circumstances  might  have  a 

been  preserved.  Palaeontologists  have  ever  been  ^ 

searching  for  this  evidence.  Yig  loi. 

Indeed,  in  deposits  belonging  to  the  Lower  Right  dental 
Simian  and  Devonian,  in  Eussia,  England,  ^gaffinU.^^ 
ttd  North  America,  minute,  slender,  pointed 
homy  bodies,  bent  like  a  hook,  with  sharp  opposite  mar- 
giM>  have  been  foimd  and  described  under  the  name  of 
Od'nodarUs.  More  frequently  they  possess  an  elongated 
hiail  portion,  in  which  there  is  generally  a  larger  tooth 
^  rows  of  similar  but  smaller  denticles  on  one  or  both 
Bdes  of  the  larger  tooth,  according  as  this  is  central  or  at  one 
5»d  of  the  base.  In  other  examples  there  is  no  prominent 
antral  tooth,  but  a  series  of  more  or  less  similar  teeth  is 
tnplanted  on  a  straight  or  curved  base.  Modifications  of 
iieee  arrangements  are  very  numerous,  and  many  Palseonto- 
guts  entertain  still  doubts  whether  the  origin  of  these 

0 
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remains  is  not  rather  from  Annelids  and  Mollusks  than  from 
Fishes. 

[See  6.  J.  Hinde,  in  '*  Quarterly  Journal  of  the  Geological  Society,**  1879.] 

The  first  undeniable  evidence  of  a  fish,  or,  indeed,  of 
a  vertebrate  animal,  occurs  in  the  TJippeT  Silurian  Eocks,  in 
a  bone-bed  of  the  Downton  sandstone,  near  Ludlow.  It  con- 
sists of  compressed,  slightly  curved,  ribbed  spines,  of  less 
than  two  inches  in  length  {Onchus)  ;  of  small  shagreen-scales 
(Thelodus) ;  the  fragment  of  a  jaw-like  bar  with  pluricnspid 
teeth  {Plectrodus) ;  the  cephalic  bucklers  of  what  seems  to  be 
a  species  of  Pteraspis ;  and,  finally,  the  coprolitic  bodies  of 
phosphate  and  carbonate  of  lime,  including  recognisable  re- 
mains of  the  Mollusks  and  Crinoids  inhabiting  the  same 
waters.  But  no  vertebra  or  other  part  of  the  skeleton  has 
been  found.  The  spines  and  scales  seem  to  have  belonged 
to  the  same  kind  of  fish,  which  probably  was  a  Plagiostome. 
It  is  quite  uncertain  whether  or  not  the  jaw  (if  it  be  the 
jaw  of  a  fish^)  belonged  to  the  buckler-bearing  Plferaspi,the 
position  of  which  among  Ganoids,  with  which  it  is  gene^ 
ally  associated,  is  open  to  doubt. 

'So  detached  undoubted  tooth  of  a  Plagiostome  or  Ganoil 
scale  has  been  discovered  in  the  Ludlow  deposits :  but  so 
much  is  certain  that  those  earliest  remains  in  PalsBOZoic 
rocks  belonged  to  fishes  closely  allied  to  forms  occurring  in 
greater  abimdance  in  the  succeeding  formation,  the  DevoniaOi 
where  they  are  associated  with  undoubted  PalseichthyeSi 
Plagiostomes  as  well  as  Ganoids. 

These  fish-remains  of  the  Devonian  or  Old  Bed  SandsUm^ 
can  be  determined  with  greater  certainty.  They  consist  of 
spines  or  the  so-called  Ichthyodorulites,  which  show  sufficiently 
distinctive  characters  to  be  referred  to  several  genera^  one  of 

^  Bay  Lankester  considers  it  to  be  a  portion  of  the  long  denticoktid 
comua  of  a  genus  Euketxupis  allied  to  Cephalaspis. 
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jm,  Onchtis,  still  surviving  from  the  Silurian  epoch.  All 
»e  spines  are  believed  to  be  those  of  Chondropterygians,  to 
lich  order  some  pluricuspid  teeth  {Cladodus)  from  the  Old 
d  Sandstone  in  the  vicinity  of  St.  Petersburg  have  been 
erred  likewise. 

The  remains  of  the  Ganoid  fishes  are  in  a  much  more 
rfect  state  of  preservation,  so  that  it  is  even  possible  to 
tain  a  tolerably  certain  idea  of  the  general  appearance  and 
bits  of  some  of  them,  especially  of  such  as  were  provided 
th  hard  carapaces,  solid  scales,  and  ordinary  or  bony  fin- 
%  A  certain  proportion  of  them,  as  might  have  been 
pected,  remind  us,  with  regard  to  external  form,  of  Teleos- 
)ii8  fishes  rather  than  of  any  of  the  few  still  existing  (xanoid 
pes ;  but  it  is  contrary  to  all  analogy  and  to  all  palaeonto- 
pcal  evidence  to  suppose  that  those  fishes  were,  with  regard 
their  internal  structure,  more  nearly  allied  to  Teleosteans 
in  to  Ganoids.  If  they  were  not  true  Ganoids,  they  may 
justly  supposed  to  have  had  the  essential  characters  of 
Jaichthyes.  Other  forms  exhibit  even  at  that  remote  geo- 
pcal  epoch  so  unmistakably  the  characteristics  of  existing 
UK)ids,  that  no  one  can  entertain  any  doubt  with  regard  to 
&ir  place  in  the  system.  In  none  of  these  fishes  is  there 
f  trace  of  vertebral  segmentation. 

The  Palaeichthyes  of  the  Old  Eed  Sandstone,  the  syste- 
itic  position  of  which  is  still  obscure,  are  the  CephcdaspidcB 
01  the  Lower  Old  Eed  Sandstone  of  Great  Britain  and 
stem  Canada;  PterictUhys,  Coccosteus,  and  Dinichthys: 
iwra  which  have  been  combined  in  one  group — Placodermi  ; 
1  AcawOiodes  and  allied  genera,  which  combined  numerous 
nchiostegals  with  chondropterygian  spines  and  a  shagreen- 
3  dermal  covering. 

Among  the  other  Devonian  fishes  (and  they  formed  the 
iority)  two  types  may  be  recognised,  both  of  which  are 
oistakably  Ganoids.    The  first  approaches  the  still  living 
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PolypteruSy  with  which  some  of  the  genera  like  Difloptem 
singularly  agree  in  the  form  and  armature  of  the  head, 
the  lepidosis  of  the  body,  the  lobate  pectoral  fins,  and 
the  termination  of  the  vertebral  column.  Other  genera,  as 
HoloptychiuSy  have  cycloid  scales ;  many  have  two  dorsal  fins 
{Holoptychius),  and,  instead  of  branchiostegals,  jugular  scutes; 
others  one  long  dorsal  confluent  with  the  caudal  {Phawro- 
pleuran). 

In  the  second  type  the  principal  characters  of  the  Dipwi 
are  manifest,  and  some  of  them,  for  example  Dipteras,  Pola- 
daphus,  Holodus,  approach  so  closely  the  Dipnoi  which  still 
survive,  that  the  differences  existing  between  them  warrant  a 
separation  into  families  only. 

Devonian  fishes  are  frequently  found  under  peculiar  CI^ 
cumstances,  enclosed  in  the  so-called  nodules.  These  bodies 
are  elliptical  flattened  pebbles,  which  have  resisted  the  action 
of  water  in  consequence  of  their  greater  hardness,  whiW 
the  surrounding  rock  has  been  reduced  to  detritus  by  that 
agency.  Their  greater  density  is  due  to  the  dispersion  in 
their  substance  of  the  fat  of  the  animal  which  decomposed  in  , 
them.  Frequently,  on  cleaving  one  of  these  nodules  witk 
the  stroke  of  the  hammer,  a  fish  is  found  embedded  in  th) 
centre.  At  certain  localities  of  the  Devonian,  fossil  fishes  a» 
so  abundant  that  the  whole  of  the  stratum  is  affected  by  the 
decomposing  remains  emitting  a  peculiar  smell  when  newly 
opened,  and  acquiring  a  density  and  durability  not  possessed 
by  strata  without  fishes.  The  flagstones  of  Caithness  aie  i 
remarkable  instance  of  this. 

The  fish-remains  of  the  Carboniferous  formation  show  a 
great  similarity  to  those  of  the  preceding.  They  ocdff 
throughout  the  series,  but  are  very  irregularly  distributed, 
being  extremely  scarce  in  some  countries,  whilst  in  ottoi 
entire  beds  (the  so-called  bone-beds)  are  composed  of  ichthyo- 
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lites.    In  the  ironstones  they  frequently  form  the  nuclei  of 
nodules,  as  in  the  Devonian. 

Of  Chondropterygians  the  spines  of  Ofichus  and  others 
still  occur,  with  the  addition  of  teeth  indicative  of  the  exist- 
ence of  fishes  allied  to  the  Cestracion-type  (Cochliodics,  Psam- 
nodus) :  a  type  which  henceforth  plays  an  important  part  in 
the  composition  of  the  extinct  marine  fish  faunae.     Another 
extinct  Selachian  family,  that  of  Hybodontes,  makes  its 
appearance,  but  is  known  from  the  teeth  only. 

Of  the  Ganoid  fishes,  the  family  PalceonisdcUe  (Traquair)  is 
nmnerously  represented  ;  others  are  Coelacanths  (CcelacarUhus, 
Skizodus),  and  Saurodipteridce  (Megalichthys).  None  of  these 
fishes  have  an  ossified  vertebral  column,  but  in  some  {Megai- 
idiikyi)  the  outer  surface  of  the  vertebrae  is  ossified  into  a 
ring;  the  termination  of  their  tail  is  heterocercal.  The  car- 
honiferous  Uroneimis  and  the  Devonian  Phaneroplev/ron  are 
probably  generically  the  same ;  and  the  Devonian  Dipnoi  are 
continued  as,  and  well  represented  by,  Ctenodus, 

The  fishes  of  the  Permian  group  are  very  sunilar  to  those 
of  the  Carboniferous.  A  type  which  in  the  latter  was  but 
very  scantily  represented,  namely  the  Platysoinido',  is  much 
d^eloped.  They  were  deep-bodied  fish,  covered  with  hard 
rhomboid  scales  possessing  a  strong  anterior  rib,  and  provided 
^th  a  heterocercal  caudal,  long  dorsal  and  anal,  short  non- 
lobate  paired  fins  (when  present),  and  branchiostegals.  The 
^^(Mniscidw  are  represented  by  many  species  of  Palceonismis^ 
^^iipUrus  and  Acrolepis,  and  Cestracionts  by  Janassa  and 

The  passage  from  the  Palaeozoic  into  the  Mesozoic  era  is 
not  indicated  by  any  marked  change  as  far  as  fishes  are  con- 
^^^e4  The  more  remarkable  forms  of  the  Trias  are  Shark- 
"*e  fishes  represented  by  ichthyodorulithes  like  Nemacanthus, 
I^iUhus,  and  Hyhodvs;  and  Cestracionts  represented  by 
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species  of  Acrodns  and  Strophodus,  Of  the  (janoid  geneia 
Ccdacanthits,  Amblypterus  (Palceoniscidce),  Saurichihys  persist 
from  the  Carboniferous  epoch.  Ceraiodus  appears  for  the  fiist 
time  (Mnschel-Kalk  of  Germany). 

Thanks  to  the  researches  of  Agassiz,  and  especially  Sir  P. 
Egerton,  the  ichthyological  fauna  of  the  Lias  is,  perhaps,  the 
best  known  of  the  Mesozoic  era,  152  species  having  been 
described.  Of  the  various  localities,  Lyme  Regis  has  yielded 
more  than  any  other,  nearly  all  the  Liassic  genera  being 
represented  there  by  not  less  than  seventy-nine  species.  The 
Hybodonts  and  Cestracionts  continue  in  their  fullest  develop- 
ment. Holocephales  {Ischyodvs),  true  Sharks  (PcUa^scylliml 
Says  {SqucUoraja,  Arthroptertis),  and  Sturgeons  (CJumdrodm) 
make  their  first  appearance ;  but  they  are  sufficiently  distinct 
from  living  types  to  be  classed  in  separate  genera^  or  even 
families.  The  Ganoids,  especially  Lepidosteoids,  predonunate 
over  all  the  other  fishes :  Zepidotus,  Semionottis,  FfioUdoj^ufrtu, 
Pachycormus,  HuffruUhus,  Tetragonolepis,  are  represented  by 
numerous  species;  other  remarkable  genera  are  Aipii^ 
rhynchiLS,  Bdonostomtis,  Saurostomus,  Sauropsis,  Thrissofut^ 
Conodus,  Ptycholepis,  Ilndactis,  CerUrolejns,  Legnonotus,  Oxj/jno^ 
ihtts,  HeterolepidotuSy  Isocolum,  Osteorhachis,  Mesodon.  These 
genera  offer  evidence  of  a  great  change  since  the  preceding 
period,  the  majority  not  being  represented  in  older  fitratoi 
whilst,  on  the  other  hand,  many  are  continued  into  the  suc- 
ceeding oolithic  formations.  The  homocercal  termination » 
the  vertebral  column  commences  to  supersede  the  heteroceicali 
and  many  of  the  genera  have  well  ossified  and  distinctly  seg- 
mented spinal  columns.  Also  the  cycloid  form  of  scales 
becomes  more  common :  one  genus  {Leptolepis)  being,  with 
regard  to  the  preserved  hard  portions  of  its  organisation,  W 
similar  to  the  Teleosteous  tjrpe  that  some  Palaeontologisto 
refer  it  (with  much  reason)  to  that  sub-class. 

[See  E.  Sauvage,  Essai  sur  la  Faune  Ichthyologiqne  de  la  periode  liuoqiMi 
In  "  Bibl.  de  Tecole  dee  haates  ^tades,"  xiiL  art.  5.    Paris  1875. 
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As  already  mentioned,  the  Oolithic  formations  show  a 
eat  similarity  of  their  fish-fauna  to  that  of  the  Lias ;  but 
ill  more  apparent  is  its  approach  to  the  existing  faima. 
eeth  have  been  found  which  cannot  even  generically  be 
tstmguished  from  Notidanus.  The  Eays  are  represented  by 
snera  like  SpcUhdbatis,  BeUmnobatis,  Thaumas;  the  Holoce- 
hli  are  more  numerous  than  in  the  Lias  (Ischyodtcs,  Oan- 
ii«).  The  most  common  Ganoid  genera  are  Caturvs, 
)imodus,  Pholidophorus  Lepidottcs,  Zeptolejns,  all  of  which 
ad  been  more  or  less  fully  represented  in  the  Lias.  Also 
^^foiodus  is  continued  into  it. 

The  Cretaceous  group  offers  clear  evidence  of  the  further 
iTance  towards  the  existing  fauna.  Teeth  of  Sharks  of 
ristang  genera  Carcharias  (Corax),  Scylliumy  Notidanus^  and 
Unwerdo,  are  common  in  some  of  the  marine  strata,  whilst 
(fbodonts  and  Cestracionts  are  represented  by  a  small  num- 
tt  of  species  only ;  of  the  latter  one  new  genus,  Ftychodtis, 
ppeare  and  disappears.  A  very  characteristic  Ganoid  genus, 
foeropofna,  comprises  homocercal  fishes  with  rounded  ganoid 
^sculptured  externally  and  pierced  by  prominent  mucous 
Aes.  Caturus  becomes  extinct.  Teeth  and  scales  of  Lepi- 
^  (with  Sphcerodus  as  sub-genus),  clearly  a  fresh-water 
4,  are  widely  distributed  in  the  Wealden,  and  finally  dis- 
RWff  in  the  chalk ;  its  body  was  covered  with  large  rhom- 
(^  ganoid  scales.  Oyrodus  and  Aspidorhynchus  occur  in 
tebeds  of  Voirons,  Coelodus  and  Amiopsis  (allied  to  Amra), 
I  those  of  Comen,  in  Istria.  But  the  Palseichthyes  are  now 
I  the  minority ;  undoubted  Teleosteans  have  appeared,  for 
^  first  time,  on  the  stage  of  life  in  numerous  genera,  many 
f  ^ch  are  identical  with  still  existing  fishes.  The  majority 
*  Acanthopterygians,  but  Physostomes  and  Plectognaths 
B  likewise  well  represented,  most  of  them  being  marine, 
f  Acanthopteiygian  families  the  first  to  appear  are  the^ery- 
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ddwy  represented  by  several  very  distinct  genera :  Bery 
Pseudoberyx  with  abdominal  ventral  fins  ;  Berycopsis  w 
cycloid  scales ;  Homonottis,  Stenostoma,  Sphenocephalus,  Acan 
Hoplopteryx,  PloUycomus  with  granular  scales ;  Podocys  w 
a  dorsal  extending  to  the  neck ;  Acrogaster,  Mcxrdlq 
Bhacolepis  from  the  chalk  of  Brazil  The  position  of  Pym 
terynx  is  uncertain,  it  approaches  certain  Pharyngognatl 
True  Percidce  are  absent,  whilst  the  CarangicUe,  SphynmA 
Cataphracti,  Gobiidce,  Cottidce,  and  Sparidce  are  represent 
by  one  or  more  genera.  Somewhat  less  diversified  a 
the  Physostomes,  which  belong  principally  to  the  Clufm 
and  DercetideVy  most  of  the  genera  being  extinct ;  Clupea 
abundant  in  some  localities.  Scopelidce  {JTemimurida  ai 
Saurocqphalus)  occur  in  the  chalk  of  Comen  in  Istria,  and 
Maastricht.  Of  all  cretaceous  deposits  none  surpass  iho 
of  the  Lebanon  with  regard  to  the  number  of  genera,  speci 
and  individuals ;  the  forms  are  exclusively  marine,  and  t 
remains  in  the  most  perfect  condition. 

In  the  Tertiary  epoch  the  Teleosteans  have  almost  entire 
replaced  the  Ganoids ;  a  few  species  only  of  the  latter  ma 
their  appearance,  and  they  belong  to  existing  genera^  or, 
least,  very  closely  allied  forms  (Lepidostetis,  Amia,  Hypam 
Acipenser).  The  Chondropterygians  merge  more  and  nw 
into  recent  forms ;  Holocephali  continue,  and  still  are  bet 
represented  than  in  the  present  fauna.  The  TeleosteJ 
show  even  in  the  Eocene  a  large  proportion  of  exist! 
genera,  and  the  fauna  of  some  localities  of  the  Mica 
(Oeningen)  is  almost  wholly  composed  of  them.  On  i 
whole,  hitherto  more  than  one-half  have  been  found  to  bel( 
to  existing  genera,  and  there  is  no  doubt  that  the  num 
of  seemingly  distinct  extinct  genera  will  be  lessened  as 
fossils  will  be  examined  with  a  better  knowledge  of  the  liv 
forms.      The  distribution  of  the  fishes  difiTered  widely  ft 
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tint  of  (ixn  period,  many  of  our  tropical  genera  occurring  in 
localities  which  are  now  included  within  our  temperate  zone, 
»d  being  mixed  with  others,  which  nowadays  are  restricted 
to  a  colder  climate :  a  mixture  which  continues  throughout 
the  Pliocene. 

A  few  families  of  fishes,  like  the  fresliwater  Salmonidfe, 
s«iD  to  have  put  in  their  appearance  in  Post-pliocene  times ; 
boTever,  not  much  attention  has  been  paid  to  lish-remains  of 
these  deposits ;  and  such  as  have  been  incidentally  examined 
oilei  evidence  of  the  fact  that  the  distribution  of  fishes  has 
not  nndergone  any  further  essential  change  down  to  the 
praent  period. 

[Sn  E.  Sauragt,   Hemoire  snr  k  Fanne   Icbthyologiqne  do  la  p^riode 
Ttrtiain.    PsrU  1873.    8".] 


T^  Vti.—P]fatodas  rhomtui,  &  Ganoid  rmm  the  L'pper  Oolite. 


CHAPTER    XVI. 

THE  DISTRIBUTION   OF  EXISTING  nSHES   OVER  THB 
earth's   SURFACE — GENERAL  REMARKS. 

In  an  account  of  the  geographical  distribution  of  fishes 
FreshwaJter  forms  are  to  be  kept  separate  from  the  Mcai^ 
However,  when  we  attempt  to  draw  a  line  between  these  two 
kinds  of  fishes,  we  meet  with  a  great  number  of  species  and 
of  facts  which  would  seem  to  render  that  distinction  reiy 
vague.   There  are  not  only  species  which  can  gradually  accom- 
modate themselves  to  a  sojourn  in  either  salt  or  fresh  water,  bo*i 
there  are  also  such  as  seem  to  be  quite  indififerent  to  a  lapi^ 
change  from  one  into  the  other :  so  that  individuals  of  om^ 
and  the  same  species  (Gastrosteus,  Gobius,  Blennius,  Osmeru^^ 
Setropinna,  Clupea,  Syngnathus,  etc.),  may  be  found  at  soni-^ 
distance  out  at  sea,  whilst  others  live  in  rivers  far  beyond  ih.'^ 
influence  of  the  tide,  or  even  in  inland  fresh  waters  withom-- 
outlet  to  the  sea.      The  majority  of  these  fishes  belong  t^ 
forms  of  the  fauna  of  the  brackish  water,  and  as  they  are  no^ 
an  insignificant  portion  of  the  fauna  of  almost  every  coas^ 
we  shall  have  to  treat  of  them  in  a  separate  chapter. 

Almost  every  large  river  offers  instances  of  truly  marine 
fishes  (such  as  Serranvs,  Scicenidce,  PUuronectes,  Clupeiit^ 
Tetrodon,  CarcJiarias,  Trygonidm),  ascending  for  hundreds  C^ 
miles  of  their  course ;  and  not  periodically,  or  from  any  app^ 
rent  physiological  necessity,  but  sporadically  throughout  tl^ 
year,  just  like  the  various  kinds  of  marine  Porpoises  whicl 
are  foimd  all  along  the  lower  course  of  the  Ganges,  Tang-ts^ 
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e  Amazons,  the  Congo,  etc.  This  is  evidently  the 
^nent  of  a  change  in  a  fish's  habits,  and,  indeed,  not 
mch  fishes  have  actually  taken  up  their  permanent 
in  fresh  waters  (as  species  of  Ambassis,  Apogon 
leiapon,  Scisena,  Blennius,  Gobius,  Atherina,  Mugil, 
emirhamphus,  Clupea,  Anguilla,  Tetrodon,  Trygon) : 
originally  marine, 

le  other  hand,  we  find  fishes  belonging  to  fresh- 
era  descending  rivers  and  sojourning  in  the  sea  for 
less  limited  period  ;  but  these  instances  are  much 
imber  than  those  in  which  the  reverse  obtains.  We 
ition  species  of  Salmo  (the  Common  Trout,  the 
Charr),  and  Siluroids  (as  Arius,  Plotosus),  Core- 
enus  so  characteristic  of  the  inland  lakes  of  Europe, 
Asia,  and  North  America,  nevertheless  offers  some 
of  species  wandering  by  the  effluents  into  the  sea, 
g  up  their  residence  in  salt  water,  apparently  by 
J,  as  Cortgonus  oxyrhynchus.  But  of  all  the  Fresh- 
ilies  none  exhibit  so  great  a  capability  of  surviving 
;e  from  fresh  into  salt  water,  as  the  Gastrosteidm 
acks),  of  the  northern  Hemisphere,  and  the  equally 
e  Cyprinodontidce  of  the  tropics ;  not  only  do  they 
,  and  live  freely  in,  the  sea,  but  many  species  of  the 
aily  inhabit  inland  waters,  which,  not  having  an 
ve  become  briny,  or  impregnated  with  a  larger  pro- 
F  salts  than  pure  sea  water.  During  the  voyage  of 
llenger"  a  species  of  FunduluSy  F.  niyrofasciatus, 
labits  the  fresh  and  brackish  waters  of  the  Atlantic 
North  America,  was  obtained,  with  Scopelids  and 
agic  forms,  in  the  tow-net,  midway  between  St. 
nd  Teneriflfe. 

fishes  annually  or  periodically  ascend  rivers  for  the 
f  spawning,  passing  the  rest  of  the  year  in  the  sea, 
ons,  many  Salmonoids,  some  Clupeoids,  Lampreys, 
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etc.  The  two  fonner  evidently  belonged  originally  to  the 
freshwater  series,  and  it  was  only  in  the  course  of  iheir 
existence  that  they  acquired  the  habit  of  descending  to  the 
sea,  perhaps  because  their  freshwater  home  did  not  offer  a 
sufficient  supply  of  food.  These  migrations  of  fireshwater 
fishes  have  been  compared  with  the  migrations  of  birds; 
but  they  are  much  more  limited  in  extent,  and  do  not  im- 
part an  additional  element  to  the  fauna  of  the  place  to  which 
they  migrate,  as  is  the  case  with  the  distant  countries  to 
which  birds  migrate. 

The  distinction  between  freshwater  and  marine  fishes  is 
further  obscured  by  geological  changes,  in  consequence  o^ 
which  the  salt  water  is  gradually  being  changed  into  fresh, 
vice  versa.  These  clianges  are  so  gradual  and  spread  over 
long  a  time,  that  many  of  the  fishes  inhabiting  such  localitie^^ 
accommodate  themselves  to  the  new  conditions.  One  of  th^ 
most  remarkable  and  best  studied  instances  of  such  an  altera — 
tion  is  the  Baltic,  which,  during  the  second  half  of  the  GladaJ^ 
period,  was  in  open  and  wide  communication  with  the  Arctic^ 
Ocean,  and  evidently  had  the  same  marine  fauna  as  the^ 
Wliite  Sea.  Since  then,  by  the  rising  of  the  land  of  Northem-^ 
Scandinavia  and  Finland,  this  great  giUf  of  the  Arctic  Ocean^i 
has  become  an  inland  sea,  with  a  narrow  outlet  into  thc^ 
North  Sea,  and  its  water,  in  consequence  of  the  excess  of  ih^i 
fresh  water  pouring  into  it  over  the  loss  by  evaporation,  ha^- 
been  so  much  diluted  as  to  be  nearly  fresh  at  its  norther^ 
extremities :  and  yet  nine  species,  the  origin  of  which  from  th^ 
Arctic  Ocean  can  be  proved,  have  survived  the  changes,  prop^s 
gating  their  species,  agreeing  with  their  brethren  in  the  Aict'^^ 
Ocean  in  every  point,  but  remaining  comparatively  smalli 
On  the  other  hand,  fishes  which  we  must  regard  as  true 
water  fishes,  like  the  Rudd,  Eoach,  Pike,  Perch,  enter  fireeT? 
the  brackish  water  of  the  Baltic.^     Instances  of  marine  fish^^ 

^  Eksti'om,  Fiscbe  in  den  Scheeren  von  Morko. 


GEOGRAPHICAL  DISTRIBUTION.  205 

being  permanently  retained  in  fresh  water  in  consequence  of 
geological  changes  are  well  known :  thus  Cottiis  quadricornis 
iu  the  large  lakes  of  Scandinavia ;  species  of  Gobitts,  Blennitis, 
Mid  Atherina  in  the  lakes  of  Northern  Italy ;  Coiiiephoras, 
of  the  depths  of  the  Lake  of  Baikal,  which  seems  to  be  a 
dwarfed  Gradoid.  Carcharias  gangeticus  in  inland  lakes  of  the 
Fiji  Islands,  is  another  instance  of  a  marine  fish  which  has 
permanently  established  itself  in  fresh  water. 

In  the  miocene  formation  of  Licata  in  Sicily,  in  which 

fish  remains  abound,  numerous  Cjrprinoids  are  mixed  with 

littoral  and  pelagic  forms.     Sauvage  found  in  450  specimens 

from  that  locality,  not  less  than  266,  which  were  Leucisci, 

Albumi,  or  ShodeL     Now,  although  it  is  quite  possible  that 

ui  consequence  of  a  sudden  catastrophe  the  bodies  of  those 

CJyprinoids  were  carried  by  a  freshwater  current  into,  and 

deposited  on  the  bottom  of,  the  sea,  the  surmise  that  they 

lived  together  with  the  littoral  fishes  in  the  brackish  water 

of  a  large  estuary,  which  was  not  rarely  entered  by  pelagic 

forms,  is  equally  admissible.     And,  if  confirmed  by  other 

sunilar  observations,  this  instance  of  a  mixture  of  forms 

'^Wch  are  now  strictly  freshwater  or  marine,  may  have  an 

**xiportant  bearing  on  the  question  to  what  extent  fishes 

«ave  in  time  changed  their  original  habitat. 

Thus  there  is  a  constant  exchange  of  species  in  progress 

"^een  the  freshwater  and  marine  faunae,  and  in  not  a  few 

^^f^  it  would  seem  almost  arbitrary  to  refer  a  genus  or  even 

^ger  group  of  fishes  to  one  or  the  other ;  yet  there  are  cer- 

^  groups  of  fishes  which  entirely,  or  with  but  few  excep- 

**<^  are,  and,  apparently,  during  the  whole  period  of  their 

existence  have  been,  inhabitants  either  of  the  sea  or  of  fresh 

^*to;  and  as  the  agencies  operating  upon  the  distribution  of 

^''^e  fishes  differ  greatly  from  those  influencing  the  dis- 

P^  of  freshwater  fishes,  the  two  series  must  be  treated 

^pwately.     The  most  obvious  fact  that  dry  land,  which 
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intervenes  between  river  systems,  oflfers  to  the  rapid  spreat 
ing  of  a  freshwater  fish  an  obstacle  which  can  be  surmountc 
only  exceptionally  or  by  a  most  circuitoud  route,  whilst  marii 
fishes  may  readily  and  volimtarily  extend  their  original  limit 
could  be  illustrated  by  a  great  nimiber  of  instances.  WM 
out  entering  into  details,  it  may  suffice  to  state  as  the  gener 
result,  that  no  species  or  genus  of  freshwater  fishes  has  an; 
thing  like  the  immense  range  of  the  corresponding  categoni 
of  marine  fishes ;  and  that,  with  the  exception  of  the  Siluroid 
no  other  freshwater  family  is  so  widely  spread  as  the  fainiK< 
of  marine  fishes.  Surface  temperature  or  climate  which  is, 
not  the  most,  one  of  the  most  important  physical  factors  in  tl 
limitation  of  freshwater  fishes,  similarly  aflTects  the  distributio 
of  marine  fishes,  but  in  a  less  degree,  and  only  those  whic 
live  near  to  the  shore  or  the  surface  of  the  ocean ;  whilst 
ceases  to  exercise  its  influence  in  proportion  to  the  depfc 
the  true  deep-sea  forms  being  entirely  exempt  from  its  oper 
tion.  Light,  which  is  pretty  equally  distributed  over  fl 
localities  inhabited  by  freshwater  fishes,  cannot  be  consideit 
as  an  important  factor  in  their  distribution,  but  it  contribot 
towards  constituting  the  impassable  barrier  between  the  so 
face  and  abyssal  forms  of  marine  fishes.  Altitude  has  stampc 
the  fishes  of  the  various  Alpine  provinces  of  the  globe  wifli 
certain  character,  and  limited  their  distribution;  but  tl 
number  of  these  Alpine  forms  is  comparatively  small,  ichth; 
life  being  extinguished  at  great  elevations  even  before  il 
mean  temperature  equals  that  of  the  high  latitudes  of  i 
Arctic  region,  in  which  some  freshwater  fishes  flourish.  ( 
the  other  hand,  the  depths  of  the  ocean,  far  exceeding  t 
altitude  of  the  highest  mountains,  still  swarm  with  fon 
specially  adapted  for  abyssal  life.  That  other  physical  co 
ditions  of  minor  and  local  importance,  under  which  fre 
water  fishes  live,  and  by  which  their  dispersal  is  r^ulat< 
are  more  complicated  than  similar  ones  of  the  ocean, 
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prabeble,  though  perhaps  less  so  than  is  generally  supposed  : 
for  the  tact  is  tiiat  the  former  are  more  accessible  to  obser- 
TBtion  than  the  latter,  and  are,  therefore,  more  generally  and 
more  readily  comprehended  and  acknowledged.  Thus,  not 
only  because  many  of  the  most  characteristic  fonns  of  the 
narine  and  freshwater  series  are  found,  on  taking  a  broader 
vier  of  the  subject,  to  be  sufficiently  distinct,  but  also  be- 
came their  distribution  depends  on  causes  different  in  their 
iMtare  as  well  as  the  d^ree  of  their  action,  it  will  be 
Mcessary  to  treat  of  the  two  series  separately.  Whether  the 
Wttnic  areas  correspond  in  any  way  to  the  terrestrial  will 
Iw  ma  in  the  sequel 


MalM  of  Tttragrmolepii. 


•    I 


CHAPTER  XVII. 

THE  DISTRIBUTION  OF  FRESHWATER  FISHES. 

Having  shown  above  that  numerous  marine  fishes  enter  firesh 
waters,  and  that  some  of  them  have  permanently  established 
themselves  therein,  we  have  to  eliminate  from  the  eatery  rf 
freshwater  fishes  all  such  adventitious  elements.  They  are 
derived  from  forms,  the  distribution  of  which  is  r^;ulated  bf 
other  agencies,  and  which,  therefore,  would  obscure  the  rela- 
tions of  the  faunae  of  terrestrial  regions  if  they  were  induded 
in  them.  They  will  be  mentioned  with  greater  proprieiy 
along  with  the  fishes  constituting  the  fauna  of  the  brackish 
water. 

True  freshwater  fishes  are  the  following  families  and 
groups  only : — 


Dipnoi  .         .     ^ 

with 

4{ 

jpecies. 

Labyrinthici.    with  30 

Acipenseridse  and 

Luciocephalidse     „       1 

PolyodontidaB 

w 

26 

It 

Gastrosteus  .        »,     10 

Amiidae 

» 

1 

» 

Ophioceplialidae    „     31 

Polypteridae   . 

if 

2 

» 

Mastacembelidse  „     13 

Lepidosteidse . 

» 

3 

jf 

Chromides    .        ,,105 

Percina 

l> 

46 

» 

ComephoridsB       „       1 

Grystina 

>» 

11 

» 

Gadopsidae    .        „       1 

Aphredoderidae 

>» 

1 

» 

Siluridae        .        „  572 

Centrarchina  . 

» 

26 

» 

Characinidse .        ,,261 

Dules     . 

>» 

10 

w 

Haplochitonidse    „       3 

Nandidse 

*} 

7 

» 

Salmonidae  (3  genera 

Polycentridse  . 

ti 

3 

» 

excepted).        „  135 

» 


>J 


n 


n 
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e 


a 


724 


j»     .    with     1 

species. 

Bjieriidse 

»      .        »     15 

» 

Hyodontidse  . 

d»  (and 

OsteoglossidsB 

archidse)  „     52 

NotopteridsB  . 

„       8 

Gymnotidse    . 

J       .        „       2 

Symbranchidae 

ontidffi     ,,112 

PetromyzontidsB 

^gii  .        »       2 

» 


with  2  species. 
1 


5 
5 

20 
5 

12 


» 


)) 


>» 


>» 


»> 


» 


Total         2269  species. 


n  every  other  class  of  animals,  these  freshwater 
nd  families  vary  greatly  with  regard  to  the  extent 
geographical  range;  some  extend  over  the  greater 
^he  continental  areas,  whilst  others  are  limited  to 
inent  only,  or  even  to  a  very  small  portion  of  it. 
sneral  rule,  a  genus  or  family  of  freshwater  fishes 
xly  dispersed  and  most  developed  within  a  certain 
the  species  and  individuals  becoming  scarcer  towards 
phery  as  the  type  recedes  more  from  its  central 
me  outposts  being  frequently  pushed  far  beyond  the 
of  the  area  occupied  by  it.  But  there  are  not  want- 
I  remarkable  instances  of  closely  allied  forms  occur- 
lost  isolated,  at  most  distant  points,  without  being 
i  by  allied  species  in  the  intervening  space ;  or  of 
of  the  same  family,  genus,  or  species  inhabiting  the 
shores  of  an  ocean,  and  separated  by  many  degrees 
al  depths.  We  mention  of  a  multitude  of  such 
\  the  following  only : — 

es  identical  in  distant  continents — 


number  of  species  inhabiting  Europe  and  the  tem- 
arts  of  eastern  North  America,  as  Perca  JluvicUilis, 
us  pungitivs,  Lota  vtUgaris,  Salmo  salar,  Esox  lucius, 
r  sturiOy  Adpenser  maculoms,  and  several  Petromy- 
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2.  Laiea  calcarifer  is  common  in^  India  as  well  as  in 
Queensland. 

3.  Galaxiaa  attenuatus  inhabits  Tasmania,  New  Zealand, 
the  Falkland  Islands,  and  the  southernmost  part  of  the  South 
American  continent 

4  Several  Petromyzonts  enter  the  fresh  waters  of  Tas- 
mania, South  Australia,  New  Zealand,  and  Chili. 

B,  Genera  identical  in  distant  continents — 

1.  The  genus  Umbra,  so  peculiar  a  form  as  to  be  the  typ© 
of  a  distinct  family  consisting  of  two  most  closely  allied 
species  only,  one  of  which  is  found  in  the  Atlantic  Stated 
of  North  America,  the  other  in  the  system  of  the  Danube. 

2.  A  very  distinct  genus  of  Sturgeons,  ScaphirhywkiBt 
consisting  of  two  species  only,  one  inhabiting  &esh  waters 
of  Central  Asia,  the  other  the  system  of  the  Mississippi 

3.  A  second  most  peculiar  genus  of  Sturgeons,  Fclyoior^ 
consists  likewise  of  two  species  only,  one  inhabiting  th€ 
Mississippi,  the  other  the  Tang-tse-kiang. 

4  AmiuruSy  a  Siluroid,  and  CatostomuSt  a  Cyprinoid  genuSj 
both  well  represented  in  North  America,  occur  in  a  singU 
species  in  temperate  China. 

5.  Zepidosiren  is  represented  by  one  species  in  ttapcMl 
America,  and  by  the  second  in  tropical  AMca  (JProiofierui). 

6.  Notopterus  consists  of  three  Indian  and  two  West  Afiicao 
species. 

7.  Mdstacembdvs  and  Ophiocqfhalus,  genera  characteriMic 
of  the  Indian  region,  emerge  severally  by  a  single  spedea  in 
West  and  Central  Africa. 

8.  Symbranckua  has  two  Indian  and  one  South  American 
species. 

9.  PrototrocteSy  the  singular  antarctic  analogue  of  Cot¥ 
gonuSf  consists  of  two  species,  one  in  the  south  of  Austnlia 
the  other  in  New  Zealand. 
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10.  Oaiaxias  is  equally  represented  in  Southern  Australia, 
New  Zealand,  and  the  southern  parts  of  South  America. 


C,  Famili^  identical  in  distant  continents — 

1.  The  Labyrinthici,  represented  in  Africa  by  5,  and  in 
India  by  25  species. 

2.  The  Chramides,  represented  in  Africa  by  25,  and  in 
South  America  by  80  species. 

3.  The  Characinidas,  represented  in  Africa  by  35,  and  in 
South  America  by  226  species. 

4  The  Haplochitonidx,  represented  in  Southern  Australia 
hy  one,  in  New  Zealand  by  one,  and  in  Patagonia  by  a  third 
Secies. 

This  list  could  be  much  increased  from  the  families 
^  SUuridcg  and  Cyprinidce,  but  as  these  have  a  greater 
"uige  than  the  other  Freshwater  fishes,  they  do  not  illus- 
tate  with  equal  force  the  object  for  which  the  list  has  been 
^posed. 

The  ways  in  which  the  dispersal  of  Freshwater  fishes  has 
»*ca  effected  were  various ;  they  are  probably  all  still  in  opera- 
"on,  bat  most  work  so  slowly  and  imperceptibly  as  to  escape 
^^  observation ;  perhaps,  they  will  be  more  conspicuous, 
*^  science  and  scientific  inquiry  shall  have  reached  to  a 
^•Diewhat  greater  age.  From  the  great  number  of  fresh- 
^^  forms  which  we  see  at  this  present  day  acclimatised 

• 

^  gradually  acclimatising  themselves  in,  or  periodically  or 
fonulicaUy  migrating  into,  the  sea,  we  must  conclude  that, 
^^^  certain  circumstances,  salt  water  may  cease  to  be  an 

• 

nnpassable  barrier  at  some  period  of  the  existence  of  fresh- 
*>ter  species,  and  that  many  of  them  have  passed  from  one 
liver  through  salt  water  into  another.  Secondly,  the  head- 
^itere  of  some  of  the  grandest  rivers,  the  mouths  of  which 
tie  at  opposite  ends  of  the  continents  which  they  drain,  are 
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sometimes  distant  from  each  other  a  few  miles  only ;  the  inter- 
vening space  may  have  been  easily  bridged  over  for  the 
passage  of  fishes  by  a  slight  geological  change  affecting  the 
level  of  the  watershed,  or  even  by  temporary  floods ;  and 
a  communication  of  this  kind,  if  existing  for  a  limited  period 
only,  would  afford  the  ready  means  of  an  exchange  of  a 
number  of  species  previously  peculiar  to  one  or  the  other  of 
those  river  or  lake  systems.  Some  fishes,  provided  with 
gill-openings  so  narrow  that  the  water  moistening  the  gills 
cannot  readily  evaporate;  and  endowed,  besides,  with  an 
extraordinary  degree  of  vitality,  like  many  Siluroids  (ClariaSt 
Calli/Mhys),  Eels,  etc.,  are  enabled  to  wander  for  some  dia- 
tance  over  land,  and  may  thus  reach  a  watercourse  leading 
them  thousands  of  miles  from  their  original  home.  Finally, 
fishes  or  their  ova  may  be  accidentally  carried  by  water- 
spouts, by  aquatic  birds  or  insects,  to  considerable  distances. 

Freshwater  fishes  of  the  present  fauna  were  already  in 
existence  when  the  great  changes  of  the  distribution  of  land 
and  water  took  place  in  the  tertiary  epoch ;  and  having  stated 
that  salt  water  is  not  an  absolute  barrier  to  the  spreading  ^ 
Freshwater  fishes,  we  can  now  more  easily  account  for  thoac 
instances  of  singular  disconnection  of  certain  families  ^ 
genera.  It  is  not  necessary  to  assume  that  there  was  a  oon* 
tinuity  of  land  stretching  from  the  present  coast  of  Africa  to 
South  America,  or  from  South  America  to  New  Zealand  and 
Australia,  to  explain  the  presence  of  identical  forms  at  so  dis- 
tant localities ;  it  suffices  to  assume  that  the  distances  weio 
lessened  by  intervening  archipelagoes,  or  that  an  oscillation 
has  taken  place  in  the  level  of  the  land  area. 

Dispersal  of  a  type  over  several  distant  continental  areas 
may  be  evidence  of  its  great  antiquity,  but  it  does  not  prove 
that  it  is  of  greater  antiquity  than  another  limited  to  one 
region  only.  Geological  evidence  is  the  only  proof  of  tie 
antiquity  of  a  type.     Thus,  although  the  Dipnoi  occur  on 
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continents  of  Africa,  South  America,  and  Australia,  and  their 
present  distribution  is  evidently  the  consequence  of  their 
L<le  range  in  palaeozoic  and  secondary  epochs ;  the  proof  of 
dr  high  antiquity  can  be  found  in  their  fossil  remains  only, 
r,  though  the  Siluroids  have  a  still  greater  range,  their  wide 
Ai^tribution  is  of  comparatively  recent  date,  as  the  few  fossil 
r^xnains  that  have  been  found  belong  to  the  tertiary  epoch. 
nie  rapidity  of  dispersal  of  a  type  depends  entirely  on  its 
fsBLCiihty  to  accommodate  itself  to  a  variety  of  physical  condi- 
tions, and  on  the  degree  of  vitality  by  which  it  is  enabled 
to    survive  more  or  less  sudden  changes  under  unfavourable 
conditions ;  proof  of  this  is  afforded  by  the  family  of  Silu- 
loids,  many  of  which  can  suspend  for  some  time  the  energy 
o£  their  respiratory  functions,  and  readily  survive  a  change  of 
w-ater. 

To  trace  the  geological  sequence  of  the  distribution  of  an 
wiHthyic  type,  and  to  recognise  the  various  laws  which  have 
B^ivemed,  and  are  stUl  governing  its  dispersal,  is  one  of  the 
^tamate  tasks  of  Ichthyology.   But  the  endeavour  to  establish 
^y  means  of  our  present  fragmentary  geological  knowledge 
t*^e  divisions  of  the  fauna  of  the  globe,  leads  us  into  a  maze 
^^  conflicting  evidence ;  or,  as  Mr.  Wallace  truly  observes, 
^ny  attempt  to  exhibit  the  regions  of  former  geological  ages 
^^  combination  with  those  of  our  own  period  must  lead  to 
confugion.''     Nevertheless,  as  the  different  types  of  animals 
found  at  the  present  day  within  a  particular  area  have 
^^e  their  appearance  therein  at  distant  periods,  we  should 
endeavour  to  decide  as  far  as  we  can,  in  an  account  of 
the  several  zoo-geographical  divisions,  the  following  ques- 
tions:  

1.  Which  of  the  fishes  of  an  area  should  be  considered  to 
^  tile  renmants  of  ancient  types,  probably  spread  over  much 
«igw  areas  in  preceding  epochs  ? 
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2.  Which  of  them  are  to  be  considered  to  be  autoMund 
species,  that  is,  forms  which  came  in  the  tertiary  epoch  or 
later  into  existence  within  the  area  to  which  they  are  stQl 
limited,  or  from  which  they  have  since  spread  ? 

3.  Which  are  the  forms  which  must  be  considered  to  be 
immigrarUs  from  some  other  region  ? 

The  mode  of  division  of  the  earth's  suiface  into  zoological 
regions  or  areas  now  generally  adopted,  is  that  proposed  \ij 
Mr.  Sclater,  which  recommends  itself  as  most  nearly  agree- 
ing with  the  geographical  divisions.  These  regions  are  as 
follows : — 

I.  PAL^OGiKA. 

1.  The  PdUearctic  region ;  including  Europe,  temperate 

Asia,  and  North  Africa. 

2.  The  Ethiopian  region  ;  including  Africa,  south  of  th« 

Sahara,  Madagascar,  and  the  Mascarene  Islands; 
also  Southern  Arabia. 

3.  The   Indian  region  ;   including  India  south  of  ^ 

Himalayas,  to  Southern  China,  Borneo,  and  iv^ 

4.  The  Australian  region ;  including  Australia,  the  Pacific 

Islands,  Celebes,  and  Lombock. 

II.  NEOGiEA. 

5.  The  Nearctic  region ;    including  North  America  te 

Northern  Mexico. 

6.  The  Neotropical  region ;  including  South  America,  tto 

West  Indies,  and  Southern  Mexico. 

Comparatively  few  classes  and  orders  of  animals  have 
been  carefully  studied  with  regard  to  their  geographical 
distribution,  but  the   majority  of  those  which  have  beea 
examined  show  that  the  difference  of  latitude  is  accompanied 
by  a  greater  dissimilarity  of  indigenous  species  than  that  (tf 
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e,  and  that  a  main  division  into  an  old  world  and 
rid  fauna  is  untenable.  More  especially  the  Fresh- 
hes,  with  which  we  are  here  solely  concerned,  have 
ead  in  eircumpolar  zones,  and  in  a  but  limited  degree 
rth  to  soutL  No  fiamily,  much  less  a  genus,  ranges 
3  north  to  the  south,  whilst  a  number  of  families 
era  make  the  entire  circuit,  and  some  species  more 
f  of  the  circuit  round  the  globe  within  the  zone  to 
ley  belong.  Not  even  the  Cyprinoids  and  Siluroids, 
re  most  characteristic  of  the  freshwater  fauna  of  our 
ire  an  exception  to  this.  Temperature  and  climate, 
ire  the  principal  factors  by  which  the  character  of  the 
et  fSauna  is  determined ;  they  form  the  barriers  which 
\  with  the  unlimited  dispersal  of  an  ichthyic  type, 
ore  than  mountain  ranges,  deserts,  or  oceans.  Hence 
)ical  zone  is  an  impassable  barrier  to  the  northern 
iter  fish  in  its  progress  towards  the  south  ;  where  a 
f  temperate  climate  obtains  in  the  southern  hemi- 
Ssh-forms  appear  anodogous  to  those  of  the  north,  but 
ly  and  structurally  digtind, 

similarity  which  obtains  in  fishes  at  somewhat  distant 
f  the  same  degree  of  longitude,  rarely  extends  far,  and 
)  the  natural  tendency  of  every  animal  to  spread  as 
lysical  conditions  will  permit.    Between  two  regions 

north  and  south  of  each  other  there  is  always  a 
)le  border  ground,  in  parts  of  which  sometimes  the 
'  the  one,  sometimes  those  of  the  other,  predominate, 
ich  is,  in  Ceu^t,  a  band  of  demarcation.  Within  this 
e  regions  overlap  each  other ;  therefore,  their  border 
I  rarely  identical,  and  should  be  determined  by  the 
I  and  southernmost  extent  of  the  most  character- 
pes  of  each  region.     Thus,  for  instance,  in   China, 

band  intervenes  between  temperate  and  tropical 
which  these  two  faunse  mix,  and  the  actual  northern 


216  FISHE& 

border  line  of  the  tropical  fauna  is  north  of  the  souihm 
border  line  of  temperate  Asia. 

It  is  the  aim  of  every  philosophical  classification  to  indi- 
cate the  degree  of  affinity  which  obtains  between  the  varioiu 
divisions  ;  but  the  mode  of  division  into  six  equiyakit 
regions,  as  given  above,  does  not  fulfil  this  aim  with  legaid 
to  Freshwater  fishes,  the  distribution  of  which  allows  of  foithei 
generalisation  and  subdivision.  The  two  families,  Gypmik 
and  Siluridody  of  which  the  former  yields  a  contingent  o 
one-third,  and  the  latter  of  one-fourth  of  all  the  freshwate 
species  known  of  our  period,  afford  most  valuable  goidanc 
for  the  valuation  of  the  degrees  of  affinity  between  the  varioo 
divisions.  The  Gyprinoids  may  be  assumed  to  have  taken  the: 
origin  in  the  Alpine  region,  dividing  the  temperate  and  tropics 
parts  of  Asia ;  endowed  with  a  greater  capability  of  acdims 
tising  themselves  in  a  temperate  as  well  as  tropical  clinuk; 
than  any  other  family  of  freshwater  fishes,  they  spread  nort 
and  south  as  well  as  east  and  west ;  in  the  preglacial  epoi 
they  reached  North  America,  but  they  have  not  had  time 
penetrate  into  South  America,  Australia,  or  the  islands  of  tl 
Pacific.  The  Siluroids,  principally  fishes  of  the  sluggL; 
waters  of  the  plains,  cmd  well  adapted  for  surviving  chang 
of  the  water  in  which  they  live,  for  living  in  mud  or  se 
water,  flourish  most  in  the  tropical  climate,  in  which  il 
type  evidently  had  its  origin.  They  came  into  existence  afl 
the  Gyprinoids,  fossil  remains  being  known  only  from  tertia 
deposits  in  India,  none  from  Europe.  They  rapidly  spread  o^ 
the  areas  of  land  within  the  tropical  zone,  reaching  northe 
Australia  from  India,  and  one  species  even  immigraft 
into  the  Sandwich  Islands,  probably  from  South  Ameii< 
The  Goral  Islands  of  the  Pacific  still  remain  untenanted  i 
them.  Their  progress  into  temperate  regions  was  evident 
slow,  only  very  few  species  penetrating  into  the  tempers 
parts  of  Asia  and  Europe ;  and  the  North  American  sped 
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Itkough  moie  numerous,  showing  no  great  vaxiety  of  struc- 
ore,  all  belonging  to  the  same  group  (Amiurina).  Towards 
he  south  their  progress  was  still  slower,  Tasmania,  New 
Zealand,  and  Patagonia  being  without  representatives,  whilst 
(be  streams  of  the  Andes  of  Chili  are  inhabited  by  a  few 
dwarfed  forms  identical  with  such  as  are  characteristic  of 
nmilar  localities  in  the  more  northern  and  warmer  parts  of 
the  South  American  continent. 

After  these  preliminary  remarks  we  propose  the  following 
divifflon  of  the  fauna  of  Freshwater  fishes : — 

LThe  Northern  Zone. —  Characterised  by  Acipenseridie. 
Few  Silurid^.  Numerous  Cyprinidae.  Salmonidae, 
Esocidse. 

1.  Europo-Asiaiic  or  Palcearctic  Region, — Characterised 

by  absence   of  osseous   Ganoidei ;   Cobitidse   and 
Barbus  numerous. 

2.  North  American  Region, — Characterised   by  osseous 

Ganoidei,  Amiurina,  and  Catostomina ;  but  no  Cobi- 
tidse  or  Barbus. 

n.  The  Equatorial  Zone. — Characterised  by  the  develop- 
ment of  Siluridse. 

A.  Cyprinoid    Division,  —  Characterised  by  presence  of 
Cyprinidffi  and  Labyrinthici 

1.  Indian  Region, — Characterised  by  [absence  of 

Dipnoi^]  Ophiocephalidae,  Mastacembelidae. 
CobitidsB  numerous. 

2.  African  Region, — Characterised  by  presence 

of  Dipnoi  and  Polypteridae.  Chromides  and 
Characinidse  numerous.  Mormyridae.  Cobi- 
tidse  absent 

1  Will  probably  be  found. 
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B.  Acifprinoid  Division.  —  Chaiacterised  by  absence  of 
CyprinidsB  and  LabyrinthicL 

1.  Tropical  American  Begion. — Characterised  by 

presence  of  Dipnoi    Chromides  and  Chan- 
cinidsB  numerous.    Gymnotidse. 

2.  Tropical  Pa/Afic  Begion,  —  Characterised  by 

presence  of  Dipnoi    Chromides  and  Chan- 
cinidse  absent 

III.  The  Southern  Zone.  —  Characterised  by  absence  of 
Cyprinidae,  and  scarcity  of  SiluridsB.  Haplochitonid« 
and  Calaxiidffi  represent  the  Saknonoids  and  Esocesof 
the  Northern  zone.    One  region  only. 

1.  Antarctic  Begion. — Characterised  by  the  small  number 
of  species ;  the  fishes  of — 

a.  The  Tasmanian  sub-region ; 
6.  The  New  Zealcmd  sub  region ; 
c.  The  Patagonian  sub-region ; 
being  almost  identical^ 

In  the  following  detailed  account  we  begin  with  a  descrip- 
tion of  the  equatorial  zone,  this  being  the  one  from  which  the 
two  principal  families  of  freshwater  fishes  seem  to  have 
spread. 

I.  Equatorial  Zone. 

Boughly  speaking,  the   borders  of  this  zoological  looe 
coincide  with  the  geographical  limits   of  the  tropical  sons, 
the  tropics  of  the  Cancer  and  Capricorn ;  its  charactenstie 
forms,  however,  extend  in  undulating  lines  several  d^iees 
north  and  southwards.     Commencing  bom  the  west  coast  of 

^  We  distinguish  these  sub-regions,  because  their  distinction  is  justified  by 
other  classes  of  animals  ;  as  regards  freshwater  fishes  their  distinctness  is  em 
less  than  that  between  Europe  and  Northern  Asia. 
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d  desert  of  the  Sahara  forms  a  well-marked  boundary 

Jie  equatorial  and  northern  zones ;  as  the  boundary 

»  the  Nile  it  makes  a  sudden  sweep  towards  the 

Sar  as  Northern  Syria  (MaskLcemheltis,  near  Aleppo,  I 

he  Tigris ;  Clarias  and  Chramides,  in  the  lake  of  ' 

crosses  through  Persia  and  Afghanistan  (Ophioce- 
)  the  southern  ranges  of  the  Himalayas,  and  follows 
e  of  the  Yang-tse-EIiang,  which  receives  its  con- 
r  equatorial  fishes  through  its  southern  tributaries, 
nation  through  the  North  Pacific  may  be  considered 
licated  by  the  tropic  which  strikes  the  coast  of 
t  the  southern  end  of  the  Gulf  of  California.  Equa- 
es  of  South  America  are  known  to  extend  so  far 
Is ;  and  by  following  the  same  line  the  West  India 
e  naturally  included  in  this  zone, 
ds  the  south  the  equatorial  zone  embraces  the 
Africa  and  Madagascar,  and  seems  to  extend  still 
uth  in  Australia,  its  boundary  probably  following 
3m  coast  of  that  continent ;  the  detailed  distribu- 
e  freshwater  fishes  of  South-Westem  Australia  has 
ittle  studied,  but  the  few  facts  which  we  know  show 
tropical  fishes  of  Queensland  follow  the  principal 
"se  of  that  country,  the  Murray  Eiver,  far  towards 

and  probably  to  its  mouth.     The  boundary-line 
ches  northwards  of  Tasmania  and  New  Zealemd, 

with  the  tropic  until  it  strikes  the  western  slope 
des,  on  the  South  American  Continent,  where  it 

• 

la  southwards  to  embrace  the  system  of  the  Eio  de 

uatorial  zone  is  divided  into  four  regions : — 

A.  The  Indian  region. 

B.  The  African  region. 

C.  The  Tropical  American  region. 

D.  The  Tropical  Pacific  region. 


I 


I 


I 
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These  four  regions  diverge  intx)  two  well-marked  divisions, 
one  of  which  is  characterised  by  the  presence  of  Cyprinoid 
fishes,  combined  with  the  development  of  Labyrinthici ;  whilst 
in  the  other  both  these  types  are  absent.  The  boimdaiy 
between  the  Cyprinoid  and  Acyprinoid  division  seems  to 
follow  Wallace's  line,  a  line  drawn  from  the  south  of  the 
Philippines  between  Borneo  and  Celebes,  and  farther  south 
between  Bali  and  Lombock.  Borneo  abounds  in  Cyprinoids; 
from  the  Philippine  Islands  a  few  only  are  known  at  present^ 
and  in  Bali  two  species  have  been  found ;  but  none  are 
known  from  Celebes  or  Lombock,  or  from  islands  situated 
farther  east  of  them.^ 

Taking  into  consideration  the  mcmner  in  which  Cypn- 
noids  and  Siluroids  have  been  dispersed,  we  are  obliged  to 
place  the  Indian  region  as  the  first  in  the  order  of  oilr  treats 
ment ;  and  indeed  the  number  of  its  freshwater  fishes,  which 
appear  to  have  spread  from  it  into  the  neighbouring  regious, 
far  exceeds  that  of  the  species  which  it  has  received  fiom 
them. 

A.  The  Indian  Region  comprises  the  whole  continent 
of  Asia  south  of  the  Himalayas  and  the  Yang-tse-kiang; 
it  includes  the  islands  to  the  west  of  Wallace's  line.  To" 
wards  the  north-east  the  island  of  Formosa,  which  also  bj  % 
other  parts  of  its  fauna  leans  more  towards  the  equ** 
torial  zone,  has  received  some  characteristic  Japanese 
Freshwater  fishes,  for  instance,  the  singular  Salmonrii 
Plecoglossus.  Within  the  geographical  boundaries  of  China 
the  Freshwater  fishes  of  the  tropics  pass  gradually  in^ 
those  of  the  northern  zone,  both  being  separated  by  a  bioad 
debateable   ground.      The  affluents  of  the  great  river  tra- 

^  Martens  (Preoss.  Exped.  Ostas.  ZooL  i  p.  356),  has  already  dvawn  itten^ 
tion  that  a  Barbel,  said  to  have  been  obtained  by  Ida  Pfeiffer  in  Ambopi 
(Gimth.  Fish.  vii.  p.  128),  cannot  have  come  from  that  locality. 
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mng  this  district  are  more  numerous  from  the  south 
lan  from  the  north,  and  cany  the  southern  fishes  far  into 
le  temperate  zone.  The  boundary  of  this  region  towards 
le  north-west  is  scarcely  better  defined.  Before  Persia 
wed  through  the  geological  changes  by  which  its  waters 
ere  converted  into  brine  and  finally  dried  up,  it  seems 
have  been  inhabited  by  many  characteristic  Indian  forms, 
which  a  few  still  survive  in  the  tract  intervening  be- 
een  Afghanistan  and  Syria;  OphiocephcUvs  and  Disco- 
alkus  have  each  at  least  one  representative,  Macrones  has 
rvived  in  the  Tigris,  and  Mastacembelus  has  penetrated  as 
•  as  Aleppo.  Thus,  Freshwater  fishes  belonging  to  India, 
lica,  and  Europe,  are  intermingled  in  a  district  which 
ma  the  connecting  link  between  the  three  continents.  Of 
e  freshwater  fishes  of  Arabia  we  are  perfectly  ignorant ; 
much  only  being  known  that  the  Indian  Discogfiathus 
Rte  occurs  in  the  reservoirs  of  Aden,  having,  moreover, 
und  its  way  to  the  opposite  African  coast ;  and  that  the 
aquitous  Cyprinodonts  flourish  in  brackish  pools  of  Northern 
labk 

The  following  is  the  list  of  the  forms  of  freshwater  fishes 
ihabiting  this  region  :* — 


fircma— 

Lates'  [Africa,  Australia] 

^'^••wiw                  •                          •                         •                         • 

1  species 

7       ,, 

tbjrinihici  [Africa]  . 

iiioo^kalid4B  [1  species  in  Africa] 
viaoaiihdidct  [3  species  in  Africa] 
iranides  [Afirica,  South  America] 
Etroplus 

.       25       „ 

1  „ 
.       30       „ 
.       10       „ 

2  „ 

'  In  the  following  and  sacceeding  lists,  those  forms  which  are  peculiar  to 
•xchutrelj  characteristic  of,  the  region,  are  printed  in  italics  ;  the  other 
ms,  in  which  the  non-peculiar  forms  occur,  are  mentioned  within  brackets 
s  LateB  calcarifer  in  India  as  well  as  Australia. 


20 
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30 

,  Africa]      30 
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Siloridse — 

Glariina  [Africa]  .  .12  spedei. 

Chacina  .  .  .  .         3     *„ 

Silurina  [Africa,  Palsearct.]  .  .       72 

Bagrina  [Africa]  .  .  .50 

Ariina  [Africa,  Australia,  South  America]        40 

Bagariina    .         .  .  .  .20 

Rhinoglanina  [Africa]      .  .  .1 

Hypostomatina  [South  America] .  .         5 

Cjprinodontidss — 

Carnivor»    [PalsBarct.,    North    America, 
Africa,  South  America] 

Haplochilus  [Africa,  South  America, 
North  America,  Japan]  .  •         4 

Cjprinid»  [PalsBarct.,  N.  America,  Africa] — 

Cyprinina  [Palsearct,  N.  America,  Africa]      190 

Basbarina  [Africa,  1  species] 

Semtplotina 

Danionina  [Africa] 

Abramidina  [Palaearct.,  N.  Amer. 

Homaiopterina 

Cobitidina  [Palsearct.]      .  .  .50 

Osteoglossidsa  [Africa,  Australia,  S.  America]  1 

Notopteridsa  [Africa]  .  .  .3 

SjrmbranchidsB — 

Amphipnous         ....         1 
Monopterus  .  .  .  1       ,, 

Symbranchus  [1  species  in  S.  America]     .         2      »  _ 

625spedg 

In  analysing  this  list  we  find  that  out  of  39  families 
groups  of  freshwater  fishes  12  are  represented  in  this  legKX 
and  that  625  species  are  known  to  occur  in  it;  a  numb 
equal  to  two-sevenths  of  the  entire  number  of  fireshvat 
fishes  known.  This  large  proportion  is  principally  dae 
the  development  of  numerous  local  forms  of  Siluroids  a 
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Is,  of  which  the  former  show  a  contingent  of  about 
the  latter  of  about  330  species.     The  combined 
ent  of  those  two   families,  and  their  undue  pro- 
se over  the  other  fireshwater  types,  is  therefore  the 
characteristic  of  the  Indian  region.     The  second 
;  character  of  its  faima  is  the  apparently  total 
)f  (janoid  and  Cyclostomous  fishes.    Every  other 
3  representatives  of  either  Ganoids  or  Cyclostomes, 
oth.    However,  attention  has  been  directed  to  the 
le  coincidence  of  the  geographical  distribution  of 
id(E  and  OsteoglossicUE,  and  as  the  latter  family  is 
sd  in  Sumatra  and  Borneo,  it  may  be  reasonably 
that  a  Dipnoous  form  will  be  found  to  accom- 
The  distribution  of  the  Sirenidce  and  OsteoglossicUe 
•ws : — 

Trqpkal  America. 

dren  paradoxa.  |      Osteoglossum  bicirrhosum. 

I      Arapaima  gigas. 

Tropical  Australia. 


loB  forsteri. 
las  miolepis. 


Osteoglossum  leichardtL 


East  Indian  Archipelago. 

I      Osteoglossum  formosum. 

Tropical  Africa, 
erxia  annectens.  |      Heterotis  niloticus. 

oly  are  the  corresponding  species  found  within  the 
on,  but  also  in  the  same  river  systems ;  and  although 
tmection  may  and  must  be  partly  due  to  a  similarity 
yet  the  identity  of  this  singular  distribution  is  so 
liat  it  can  only  be  accounted  for  by  assuming  that 
jlossicUe  are  one  of  the  earliest  Teleosteous  types 
ve  been  contemporaries  of  and  have  accompanied 
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the  present  Dipnoi  since  or  even  before  the  beginning  of  the 
tertiary  epoch. 

Of  the  autockthoiU  freshwater  fishes  of  the  Indian  r^on, 
some  are  still  limited  to  it,  viz.,  the  Nandina,  the  Lumotpkor 
lidce  (of  which  one  species  only  exists  in  the  Archipelago),  of 
Siluroids  the  Chcicina  and  Bagariina,  of  Cyprinoids  the  Smi- 
plotina  and  Homalopterina ;  others  very  nearly  so,  like  the 
LahyrirUhici,  Ophioc^halidcB,  Masiacemielidce,  of  Siluroids 
the  SUurina,  of  Cyprinoids  the  RaAorina  and  Danicnvm,  and 
Syrnbraifichidce, 

The  regions  with  which  the  Indian  has  least  similanty 
are  the  North  American  and  Antarctic,  as  they  are  the  most 
distant.  Its  afi&nity  to  the  other  regions  is  of  a  very  diffeioit 
degree : — 

1.  Its  affinity  to  the  Europo-Asiatic  region  is  indicated 
almost  solely  by  three  groups  of  Cyprinoids,  viz.,  the  Qjwv 
nina,  Abramidina,  and  Cobitidina.  The  development  rf 
these  groups  north  and  south  of  the  Himalayas  is  due  to 
their  common  origin  in  the  highlands  of  Asia  ;  but  the  fonns 
which  descended  into  the  tropical  climate  of  the  south  aw 
now  so  distinct  from  their  northern  brethren  that  most  of 
them  are  referred  to  distinct  genera.  The  genera  which  are 
still  common  to  both  regions  are  only  the  true  Baibeb 
{BarbiLs)y  a  genus  which,  of  all  Cyprinoids,  has  the  laigeat 
range  over  the  old  world,  and  of  which  some  160  spedca 
have  been  described ;  and,  secondly,  the  Mountain  Barbeb 
{SchizothoraXy  etc.),  which,  peculiar  to  the  Alpine  waters  » 
Central  Asia,  descend  a  short  distance  only  towards  ^ 
tropical  plains,  but  extend  farther  into  rivers  within  the 
northern  temperate  districts.  The  origin  and  the  laws 
of  the  distribution  of  the  Cohitidina  appear  to  have  beett 
identical  with  those  of  Barhus,  but  they  have  not  spread  into 
Africa. 

If,  in  determining  the  degree  of  affinity  between  two 
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r^ons,  we  take  into  consideration  the  extent  in  which  an 
e:xchange  has  taken  place  of  the  fiaunae  originally  peculiar  to 
each,  we  must  estimate  that  obtaining  between  the  fresh- 
-water  fishes  of  the  Europo-Asiatic  and  Indian  regions  as  very 
slight  indeed. 

2.  There  exists  a  great  affinity  between  the  Indian  and 
A&ican  r^ons ;  seventeen  out  of  the  twenty-six  families  or 
groups  found  in  the  fonner  are  represented  by  one  or  more 
species  in  Africa,  and  many  of  the  African  species  are  not 
even  generically  dififerent  from  the  Indian.  As  the  majority 
of  these  groups  have  many  more  representatives  in  India  than 
in  Africa,  we  may  reasonably  assume  that  the  African  species 
harvQ  been  derived  from  the  Indian  stock ;  but  this  is  pro- 
l>ably  not  the  case  with  the  Siluroid  group  of  Clariinay  which 
'^th  regard  to  species  is  nearly  equally  distributed  between 
the  two  r^ons,  the  African  species  being  referable  to  three 
Sonera  (C^arias,  Heterdbranchus,  Gymnallabes,  with  the  sub- 
S^nus  Channaildbes),  whilst  the  Indian  species  belong  to  two 
Sonera  only,  viz.  Clarias  and  ffeterobranchns.  On  the  other 
hand,  the  IndicLU  region  has  derived  from  Africa  one  fresh- 
"^ater  form  only,  viz.  Etroplm,  a  member  of  the  family  of 
C^romides,  so  well  represented  in  tropical  Africa  and  South 
America.  Etroplus  inhabits  Southern  and  Western  India  and 
Ceylon,  and  has  its  nearest  ally  in  a  Madegasse  Freshwater 
fish,  Paretroplus,  Considering  that  other  African  Chromides 
have  acclimatised  themselves  at  the  present  day  in  saline 
"^ater,  we  think  it  more  probable  that  Etroplus  should  have 
found  its  way  to  India  through  the  ocean  than  over  the 
coxmecting  land  area;  where,  besides,  it  does  not  occur. 

3.  A  closer  affinity  between  the    Indian   and  Tropical 
Ajuerican  regions  than  is  indicated  by  the  character  of  the 
^natorial  zone  generally,  does  not  exist.    No  genus  of  Fresh- 
water fishes  occurs  in  India  and  South  America  without  being 
^ound  in  the  intermediate  African  region,  with  two  exceptions. 

Q 
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Four  small  Indian  Siloroids  (JSisar,  Erethi8te8,P9mdeduifui^vsi^ 
Exostomd)  have  been  referred  to  the  South  American  i7jipos(€ 
matina ;  but  it  remains  to  be  seen  whether  this  combinatao 
is  based  upon  a  sufficient  agreement  of  their  internal  stmctor 
or  whether  it  is  not  rather  artificial  On  the  other  hand,tl: 
occurrence  and  wide  distribution  in  tropical  America  of  a  fc 
of  the  Indian  family  Symbranchidse  (Syrribranchus  marm 
ratu8)y  which  is  not  only  congeneric  with,  but  also  ma 
closely  allied  to,  the  Indian  Syrnbranclvus  bengcUeTuns,  o&b 
one  of  those  extraordinary  anomalies  in  the  distribution  < 
animals  of  which  no  satisfactory  explanation  can  be  given  i 
present. 

4  The  relation  of  the  Indian  region  to  the  Tropical  Padfi 
region  consists  only  in  its  having  contributed  a  few  specie 
to  the  poor  fauna  of  the  latter.  This  immigration  must  havi 
taken  place  within  a  recent  period,  because  some  spedtf 
now  inhabit  fresh  waters  of  tropical  Australia  and  the  Soflfl 
Sea  Islands  without  having  in  any  way  changed  their  specifc 
characters,  as  Zates  calcarifer,  species  of  Dules,  PUM^ 
anguillaris;  others  (species  of  Arius)  are  but  little  diffa«n* 
from  Indian  congeners.  All  these  fishes  must  have  mign^ 
by  the  sea ;  a  supposition  which  is  supported  by  what  we  kno* 
of  their  habits.  We  need  not  add  that  India  has  not  received 
a  single  addition  to  its  freshwater  fish-fauna  from  the  P^ 
region. 

Before  concluding  these  remarks  on  the  Indian  r^gta 
we  must  mention  that  peculiar  genera  of  CyprinoidB  ^ 
Siluroids  inhabit  the  streams  and  lakes  of  its  alpine  langec 
in  the  north.  Some  of  them,  like  the  Siluroid  genera  (SjJ* 
stemurriy  Exvglyptostemumy  Fsnuiechenets,  have  a  folded  disi 
on  the  thorax  between  their  horizontally  spread  pectoral  fii* 
by  means  of  this  they  adhere  to  stones  at  the  bottom  o 
the  mountain  torrents,  and  without  it  they  would  be  swcj 
away  into  the  lower  courses  of  the  rivers.      The  CypP 
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noid  genera  inhabiting  similar  localities,  and  the  lakes  into 
which  the  alpine  rivers  pass,  such  as  Oreinus,  SchizotJuyrax, 
PtfAobarbus,  Schizopj/gopsis,  IHptychtis,  Oymnocypris,  are  dis- 
tiogoished  by  peculiarly  enlarged  scales  near  the  vent,  the 
physiological  use  of  which  has  not  yet  been  ascertained. 
These  alpine  genera  extend  far  into  the  Europo-Asiatic 
region,  where  the  climate  is  similar  to  that  of  their  southern 
bome.  No  observations  have  been  made  by  which  the  alti- 
todinal  limits  of  fish  life  in  the  Himalayas  can  be  fixed, 
kt  it  is  probable  that  it  reaches  the  line  of  perpetual  snow, 
tt  in  the  European  Alps  which  are  inhabited  by  Salmonoids. 
Griffith  found  an  Oreinus  and  a  Loach,  the  former  in  abun- 
fcace,  in  the  Helmund  at  Gridun  Dewar,  altitude  10,500 
fcet;  and  another  Loach  at  Kaloo  at  11,000  feet. 

R  The  African  Begion  comprises  the  whole  of  the 
A&ican  continent  south  of  the  Atlas  and  the  Sahara.  It 
lu^t  have  been  conjectured  that  the  more  temperate  climate 
rf  its  southern  extremity  would  have  been  accompanied  by  a 
conspicuous  difference  of  the  fish-fauna.  But  this  is  not  the 
^;  the  difference  between  the  tropical  and  southern  parts 
of  Africa  consists  simply  in  the  gradual  disappearance  of  spe- 
ofcaDy  tropical  forms,  whilst  Siluroids,  Cyprinoids,  and 
•^  Labyrinthici  penetrate  to  its  southern  coast ;  no  new 
hm  has  entered  to  impart  to  South  Africa  a  character  dis- 
tinct from  the  central  portion  of  the  continent.  In  the  north- 
M  the  African  fauna  passes  the  Isthmus  of  Suez  and  pene- 
tates  into  Syria ;  the  system  of  the  Jordan  presenting  so 
■Mny  African  types  that  it  has  to  be  included  in  a  description 
rf  the  African  r^on  as  well  as  of  the  Europe- Asiatic.  This 
liver  18  inhabited  by  three  species  of  Chromis,  one  of  Hemi- 
^nmi$^  and  Clarias  macracanthuSy  a  common  fish  of  the 
Opper  Nila  This  infusion  of  African  forms  cannot  be  ac- 
ooonted  for  by  any  one  of  those  accidental  means  of  dispersal, 
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as  Eemichromis  is  not  represented  in  the  north-eastern  pa 
AMca  proper,  but  chiefly  on  the  west  coast  and  in  the  O 
AMcan  lakes. 

Madagascar  clearly  belongs  to  this  r^on.  Besides 
Gobies  and  IhdeSy  which  are  not  true  freshwater  fishec 
Chromides  are  known.  To  judge  from  general  accoon 
Freshwater  fauna  is  poorer  than  might  be  expected 
singular  as  it  may  appear,  collectors  have  hitherto  pai 
little  attention  to  the  Freshwater  fishes  of  this  island, 
fishes  found  in  the  freshwaters  of  the  Seychelles  and  II 
renes  are  brackish-water  fishes,  such  as  Fundulm, 
lochiltLS,  ElopSy  Mugil,  etc. 

The  following  is  the  list  of  the  forms  of  Freshwater 
inhabiting  this  region  : — 

Dipnoi  [Australia,  Neotrop.] — 

Lepidosiren  annedens  .         1  q 

PolypteridiB  .  .  .  .  .2 

Percina  (Cosmopol.) — 

Lates  [India,  Australia]  .1 

Labyrinthici  [India]         ...  .5 

Ophiocephalidsa  [India]     .             .             .  .1 

Mastacembelidsa  [India]    ...  .3 

Chromides  [South  America] — 

Chromis       .  .  .  .  .23 

Eemichromis  .  .  .  .5 

Pareiroplus  .  .  .  .1 

Siluridsd — 

Clariina  [India]        .             .  .              .14 

Silurina  [India,  Palsearct]     .  .             .11 

Bagrina  [India]                      .  .10 

Pimelodina  [South  America]  .  2 
Ariina  ^  [India,  Australia,  S.  Amer.,  Patagonia]  4 
Doradina  [South  America] — 

Synodontis^        .             .  .             .15 

1  One  species  (Ariua  theUassinus)  found  in  Indian  and  African  rive 
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ttKinnglimiTm.  flndial 

2  snecifiR. 

Makgsierurina 

3 

landnide  [South  America] — 

CUharinina  ..... 

2 

>» 

Nannocharaeina         .... 

2 

n 

Teiragonopterina — 

Alettes              .... 

U 

>» 

Cienuchina — 

Xenoeharax       .... 

1 

» 

Hydiocjosina — 

Hydroeyon        .... 

4 

» 

BisiiehodafUina          .... 

10 

9) 

Ickihybarina              .... 

2 

n 

ifniiyrvte  (OymnarchicUB) 

51 

n 

CyprinodonticUe — 

CmuYorsB  [Palsearct.,  India,  S.  America — 

Haplochilus  [India,  South  America] 

7 

i» 

Fandulus  [PalaBarct.,  Nearct]     . 

1 

» 

Pypriwd©  [Paloarct,  India,  North  America] — 

Cyprinina  [PalaBarct.,  India,  N.  America — 

Labeo  [India]    .... 

6 

» 

Barynotus  [India] 

2 

91 

Ahrastomus        .... 

2 

»» 

DiBCOgnathus  lamta  ^  [India] 

1 

» 

Barbus  [Palsearct,  India] 

35 

M 

Hasborina  [India]     .... 

1 

» 

^Hnionina  [India] — 

Barilius  [India] 

3 

1> 

Abramidina  [Palaearct.,  India,  N.  America] — 

Pelotraphus       .... 

2 

>1 

^^'ftfe 

2 

)| 

^^'^^o^oands  [India,  Australia,  South  America] — 

Heterotis           .... 

1 

II 

1 

)» 

^oiopteride  [India]         .... 

2 

n 

255  species. 


'  TUi  ipecies  extends  from  India  into  East  Africa. 
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Out  of  the  39  families  or  groups  of  freshwater 
15  are  represented  in  the  African  region,  or  three  more  tkn 
in  the  Indian  region ;  however  of  two  of  them,  viz.,  the  Cjplw- 
cephalidce  and  MastacenibdidcB,  a  few  species  only  have  found 
their  way  into  Africa.  On  the  other  hand,  the  nimiber  of 
species  is  much  less,  viz.  255,  which  is  only  two-fifths  of  that(^ 
the  known  Indian  species.  The  small  degree  of  specialisatio& 
and  localisation  is  principally  due  to  the  greater  uniformitjrf^ 
the  physical  conditions  of  this  continent^  6uid  to  the  almort 
perfect  continuity  of  the  great  river  systems,  which  take  their 
origin  from  the  lakes  in  its  centre.  This  i&  best  shovn 
by  a  comparison  of  the  fauna  of  the  Upper  Nile  with  that 
of  the  West  African  rivers.  The  number  of  species  known 
from  the  Upper  Nile  amounts  to  56,  and  of  these  not 
less  than  25  are  absolutely  identical  with  West  African 
species.  There  is  an  iminterrupted  continuity  of  the  fish- 
fauna  from  west  to  the  north-east,  and  the  species  known  to 
be  common  to  both  extremities  may  be  reasonably  assumed 
to  inhabit  also  the  great  reservoirs  of  water  in  the  centre  of 
the  continent.  A  greater  dissimilarity  is  noticeable  between 
the  west  and  north-east  fauna  on  the  one  hand,  and  that  of 
the  Zambezi  on  the  other ;  the  affinity  between  them  is 
merely  generic ;  and  all  the  fishes  hitherto  collected  in  lab 
Nyassa  have  proved  to  be  distinct  from  those  of  the  Nile,  and 
even  from  those  of  other  parts  of  the  system  of  the  Zamhefl. 

Africa,  unlike  India,  does  not  possess  either  alpine  ranges 
or  outlying  archipelagoes,  the  fresh  waters  of  which  would 
swell  the  number  of  its  indigenous  species  ;  but  at  a  future 
time,  when  its  fauna  is  better  known  than  at  present,  it  M 
possible  that  the  great  difference  in  the  number  of  species  be- 
tween this  and  the  Indian  regions  may  be  somewhat  lessened. 

The  most  numerously- represented  families  are  the  Silu^ 
oids,  with  61  species ;  the  Cyprinoids,  with  52;  the  Monny- 
ridt)e,with  51;  the  Characinidse,  with  35;  and  the  Chromides, 
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wiih  29.  There  is  not,  therefore,  that  great  preponderance 
)f  the  two  first  fjEunilies  over  the  remaining,  which  we 
Qotioed  in  the  Indian  region ;  in  Africa  there  is  a  compara- 
tively greater  variety  of  distinct  Freshwater  types,  imparting 
to  the  study  of  its  fauna  an  unflagging  pleasure  such  as  is 
Bcaicdy  gained  by  the  study  of  the  other  region.  With  the 
fonns  peculiar  to  it  there  are  combined  those  of  India  as 
veil  as  South  America. 

In  Tropical  AMca  there  are  still  remnants  of  Ganoids : 
frotopterus  {Lepidosiren)  annectens  and  Polypterus  bichir,  with 
the  singularly  modified  Calamoichthys.  The  two  former 
Qutge  from  east  to  west,  and  are  accompanied  by  an  Osteo- 
l^omii  {Reterotis)  which  has  hitherto  been  found  in  the  Nile 
•nd  on  the  West  Coast  only. 

Antochthont  and  limited  to  this  region  are  the  Mormy- 
♦ite,  PatUodojUidce,  and  Kneriidcey  a  singular  type,  somewhat 
ddn  to  the  Loaches.  Of  Siluroid  genera  the  most  character- 
iBtic  are  SynodorUis,  Bhinoglanis,  and  the  electric  Mcdap- 
^tnarus;  of  Characinoids,  CitharinuSy  Alestes,  Xenocharax, 
Bjiroeyon^  Distichodon,  Ichthyhorus. 

The  r^ons  with  which  Africa  (like  India)  has  least 
smularity  are,  again,  the  North  American  and  Antarctic. 
Its  affinity  with  the  Europe- Asiatic  region  consists  only  in 
having  received,  like  this  latter,  a  branch  of  the  Cyprinoids, 
the  African  Carps  and  Barbels  resembUng,  on  the  whole, 
QMre  Indian  than  Europo-Asiatic  forms.  Its  similarity  to 
Australia  is  limited  to  the  two  regions  possessing  Dipnoous 
•nd  Osteoglossoid  types.  But  its  relations  to  the  two  other 
tcgbns  of  the  equatorial  zone  are  near  and  of  great  interest. 

1.  Africa  has,  in  common  with  India,  the  SQuroid  group 
)f  Clontna,  the  Silurina,  and  Bagrina  ;  and  more  especially 
ie  smaU  but  very  natural  family  of  Notopteridw,  represented 
7  Aiee  species  in  India,  and  by  two  on  the  west  coast  of 
Africa.    It  would  be  hazardous  to  state  at  present  in  which 
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of  the  two  regions  these  fishes  first  made  their  appearance, 
but  the  discovery  of  remains  of  NotopUridm  and  Siiuriu 
in  tertiary  deposits  of  Sumatra  points  to  the  Indian  legion 
as  their  original  home.  We  can  have  less  doubt  about  the 
other  fishes  common  to  both  regions ;  they  are  clearly  inuni- 
grants  into  Africa  from  the  East,  and  it  is  a  remarkable  bet 
that  these  immigrants  have  penetrated  to  the  most  distant 
limits  of  Africa  in  the  west  as  well  as  in  the  south, — ^viz.  the 
Labyrinthici,  represented  by  two  genera  closely  allied  to  the 
Indian  Anahas;  the  OphiocepJuUicUe  and  Mastacembdidt^  t 
few  species  of  which  have  penetrated  to  the  west  ooasti 
singularly  enough  being  absent  from  the  eastern  riveis ;  the 
Ariina,  represented  by  several  species,  of  which  one  or  two 
are  identical  with  Indian,  having  extended  their  range  along 
the  intervening  coasts  to  the  east  coast  of  Africa.  The 
Cyprinoids  also  afford  an  instance  of  an  Indian  speciee 
ranging  into  Africa,  viz.  Discognathus  lamta,  which  seems 
to  have  crossed  at  the  southern  extremity  of  the  Eed  Sea, 
as  it  is  found  in  the  reservoirs  at  Aden  and  the  hill-streaiW 
of  the  opposite  coast-region  of  Abyssinia. 

2.  No  such  direct  influx  of  species  and  geneia  has 
occurred  from  South  America  into  Africa.  Yet  the  affinity 
of  their  Freshwater  fishes  is  striking.  Two  of  the  most 
natural  families  of  fishes,  the  Chromides  and  Charaeinida,v^ 
peculiar,  and  (with  the  exception  of  Etraplus)  restricted  to 
them.  The  African  and  South  American  Dipnoi  are  closely 
allied  to  each  other.  The  Fimdodina,  so  characteristic  d 
Tropical  America,  have  three  representatives  in  Africa,  vit, 
Pimdodvs  platycJiiTy  P,  balayi,  and  Auckejwglanis  bixutaUi^i 
the  Doradina  are  another  Siluroid  group  restricted  to  these 
two  continents.^    Yet,  with  all  these  points  of  close  reecm* 

^  We  have  left  out  from  these  considerationa  the  Ariina  and  Oyprinodont^ 
which  can  pass  with  impunity  through  salt  water,  and  are  spread  oyer  m«k 
larger  areas. 
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ince,  the  African  and  South  American  series  are,  with  the 
ception  of  the  two  species  of  Pimelodus,  genericaUy  distinct ; 
lich  shows  that  the  separation  of  the  continents  must  have 
en  of  an  old  date.  On  the  other  hand,  the  existence  of 
many  similar  forms  on  both  sides  of  the  Atlantic  affords 
ich  support  to  the  supposition  that  at  a  former  period  the 
ttance  between  the  present  Atlantic  continents  was  much 
IB,  and  that  the  fishes  which  have  diverged  towards  the 
4St  and  West  are  descendants  of  a  common  stock  which 
d  its  home  in  a  region  now  submerged  under  some  inter- 
ning part  of  that  ocean.  Be  this  as  it  may,  it  is  evident 
it  the  physical  conditions  of  Africa  and  South  America 
ve  remained  unchanged  for  a  considerable  period,  and  are 
n  sufficiently  alike  to  preserve  the  identity  of  a  number  of 
collar  freshwater  forms  on  both  sides  of  the  Atlantic. 
Kca  and  South  America  are,  moreover,  the  only  conti- 
3it8  which  have  produced  in  Freshwater  fishes,  though  in 
ay  different  families,  one  of  the  most  extraordinary  modi- 
^Ds  of  an  organ — the  conversion,  that  is,  of  muscle  into 
I  apparatus  creating  electric  force. 

C.  The  boundaries  of  the  Tropical  American  (Motropical) 
KI05  have  been  sufficiently  indicated  in  the  definition  of 
£  Equatorial  zone.  A  broad  and  most  irregular  band  of 
"nntiy,  in  which  the  South  and  North  American  fonns  are 
tted,  exists  in  the  north ;  offering  some  peculiarities  which 
Mve  fuller  attention  in  the  subsequent  description  of  the 
lations  between  the  South  and  North  American  faunae, 
le  following  Freshwater  fishes  inhabit  this  region : — 

pioi  [Australia,  Africa] — 

Lepidasken  paradaxa  .1  species. 

jCoUndiB  .  .         3       „ 

ranideB  [Africa] — 
EeroSf  AcarOy  OMoj  etc.  .       80       „ 
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Siluridsd — 

Hypophthalmina  . 

•              • 

5  i 

species. 

Pimelodina  [Africa,  2  species] 

•             • 

70 

» 

Ariina  [Africa,  India,  Australia,  Fuegian] 

35 

» 

Doradina  [Africa] 

60 

n 

Hypostomatina  [India]    . 

90 

It 

Aspredinina 

9 

« 

Nematogenyina  [Fuegian] — 

2 

»» 

Trichomjcterina  [Fuegian] 

2 

w 

"  StegophUina 

3 

ft 

Characinidad  [Africa] — 

Erythrinina 

15 

fi 

Curimatina 

40 

n 

Anastomatina 

25 

11 

Tetragonopterina 

80 

» 

Hydrocyonina     . 

30 

w 

Crenuchina 

1 

n 

Serrasalmonina    . 

35 

n 

CyprinodontidsB — 

CamivorsB   [Europe,   Asia,   N. 

America, 

India,  Africa] 

•             • 

30 

n 

Limnophagai 

•             • 

31 

») 

OsteoglossidsB  [Africa,  India,  Australia] 

2 

>» 

OyinnoiidiB 

«             • 

20 

f* 

Symbranchida)  [India] 

•             • 

1 

1) 

672  e 

ipecieB 

Out  of  the  39  families  or  groups  of  Freshwater  fisto 
9  only  are  represented  in  the  Tropical  American  leffxi^ 
This  may  be  accounted  for  by  the  fact  that  South  Amenca  M 
too  much  isolated  from  the  other  regions  of  the  EquatoriJ 
zone  to  have  received  recent  additions  to  its  fauna.  On  tfe 
other  hand,  the  number  of  species  exceeds  that  of  every  otihfi 
region,  even  of  the  Indian,  with  which,  in  regard  to  the  com 
parative  development  of  families,  the  Neotropical  region  sho^ 
great  analogy,  as  will  be  seen  from  the  following  Table : — 
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INDIAN. 

NEOTROPICAL. 

JiluricUB          .     200  sp. 

SilaridsB          .     276  sp. 

2Jyprmidffi            330  sp. 

CharacinidsB    .     226  sp. 

[jabyrinthici   .       25  sp. 

Chromides       .       80  sp. 

Ophiocephalidffi     30  sp. 

CyprinodontidsB      60  sp. 

Mastacembelidse     10  sp.         GymnotidsB  20  sp. 

Ji  both  legions  the  great  number  of  species  is  due  to  the 
ilopment  of  numerous  loc£tl  forms  of  two  families,  the 
racinidcB  taking  in  the  New  World  the  place  of  the 
m.nidop  of  the  Old  World.  Thereto  are  added  a  few  smaller 
lilies  with  a  moderately  large  number  of  species,  which, 
rever,  is  only  a  fraction  of  that  of  the  leading  families,  the 
lainder  of  the  families  being  represented  by  a  few  species 
f.  The  number  of  genera  within  each  of  the  two  regions 
he  two  principal  families  is  also  singularly  alike;  the 
ian  region  having  produced  about  45  Siluroid  and  as 
ly  Cyprinoid  genera,  whilst  the  Neotropical  region  is 
mted  by  54  Siluroid  and  40  Characinoid  genera.  These 
its  of  similarity  between  the  two  regions  cannot  be  acci- 
tal;  they  indicate  that  agreement  in  their  physical  and 
lographical  features  which  in  reality  exists. 
Of  Ganoids,  we  find  in  Tropical  America  one  species  only, 
idosiren  paradoxa,  accompanied  by  two  Osteoglossoids 
'^lassum  bicirrhosum  and  Arapaima  gigas). 
Aatochthont  and  limited  to  this  region  are  the  Polycen- 
«,  all  the  non- African  genera  of  Chromides  and  Chara- 
&;  of  Siluroids,  the  Hypophihalmiiia,  Aspredinina,  and 
"ophUina,  and  the  majority  of  Fimelodina,  Hypostomatina, 
Doradina  ;  the  herbivorous  Cyprinodonts  or  Limnophagcc, 
numerous  insectivorous  Cyprinodonts  or  Carnivorce  ;  and 
Oymnotidcp  (Electric  eel). 

He  relations  to  the  other  regions  are  as  follows  : — 
1.  The  resemblances  to  the  Indian  and  Tropical  Pacific 
MB  partly  date  from  remote  geological  epochs,  or  are  partly 
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due  to  that  similarity  of  physical  conditions  to  which  we 
have  already  referred  We  have  again  to  draw  attention  to 
the  unexplained  presence  in  South  America  of  a  repre- 
sentative of  a  truly  Indian  type  (not  found  in  Africa),  vii 
Symbranchits  marmoratiLS,  On  the  other  hand,  a  diiect 
genetic  afl&nity  exists  between  the  Neotropical  and  African 
regions,  as  has  been  noticed  in  the  description  of  the  ktter, 
a  great  part  of  their  freshwater  fauna  consisting  of  descendant! 
from  a  common  stock. 

2.  A  comparison  of  the  specifically  Neotropical  with  the 
specifically  North  American  types  shows  that  no  two  repfXA 
can  be  more  dissimilar.  It  is  only  in  the  intervening  l)OIde^ 
land,  and  in  the  large  West  Indian  Islands,  that  the  two 
faunae  mix  with  each  other.  We  need  not  enter  into  the 
details  of  the  physical  features  of  Central  America  and  Mexico 
— the  broken  ground,  the  variety  of  climate  (produced  by  dif- 
ferent altitudes)  within  limited  districts,  the  hot  and  nwi^ 
alluvial  plains  surrounding  the  Mexican  Gulf,  offer  a  diYflP- 
sity  of  conditions  most  favourable  to  the  intermixture  of  tie 
types  from  the  north  and  the  south.  But  yet  the  exchange 
of  peculiar  forms  appears  to  be  only  beginning ;  none  have  J^ 
penetrated  beyond  the  debateable  ground,  and  it  is  evident  the* 
the  land-connection  between  the  two  continents  is  of  com- 
paratively recent  date :  a  view  wliich  is  confirmed  by  the 
identity  of  the  marine  fishes  on  both  sides  of  Central  Amenc*- 

Cuba — and  this  is  the  only  island  in  the  West  Indie* 
which  has  a  number  of  freshwater  fishes  sufficient  for  tta 
determination  of  its  zoogeographical  relations — is  inhabited 
by  several  kinds  of  a  perch  (CerUropomus),  freshwater  mullfite, 
Cyprinodonts,  one  species  of  Chromid  (an  Acara),  and  Sf^ 
hranchtis  marmoratus.    All  these  fishes  are  found  in  Gentnl 
America,  and  as  they  belong  to  forms  known  to  enter  brack- 
ish water  more  or  less  freely,  it  is  evident  that  they  have 
crossed  from  the  mainland  of  South  America  or  from  Central 
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nerica.  But  with  them  there  came  a  remarkable  North 
merican  tjrpe,  Lepidostefus.  Lepidosteus  viridis,  which  is 
and  in  the  United  St$ites,  has  penetrated  on  the  mainland 
I  the  Pacific  coast  of  Guatemala,  where  it  is  common  at  the 
lonth  of  the  rivers  and  in  brack-water  lakes  along  the  coast; 
i  probably  crossed  into  Cuba  from  Florida.  A  perfectly  iso- 
ited  type  of  fishes  inhabits  the  subterranean  waters  of  the 
aves  of  Cuba  (two  species  o{  Ludfuga).  The  eyes  are  absent 
«r  quite  rudimentary,  as  in  most  other  cave  animals.  Singu- 
ttly,  it  belongs  to  a  family  {OphidiidcB),  the  members  of 
irhich  are  strictly  marine ;  and  its  nearest  ally  is  a  genus, 
fttrfufa,  the  species  of  which  are  distributed  over  the  Indo- 
^cific  Ocean,  one  only  occurring  in  the  Caribbean  Sea.  This 
tjpe  must  have  witnessed  all  the  geological  changes  which 
luve  taken  place  since  Cuba  rose  above  the  surface  of  the  sea. 

A  similar  mixture  of  forms  of  the  Tropical  and  Temperate 
^  of  Freshwater  fishes  takes  place  in  the  south  of  South 
Anierica ;  its  details  have  not  yet  been  so  well  studied  as  in 
tbe  north ;  but  this  much  is  evident  that,  whilst  in  the  East 
topical  forms  follow  the  Plate  river  far  into  the  Temperate 
legion,  in  the  West  the  Temperate  Fauna  finds  stni  a  congenial 
dimate  in  ranges  of  the  Andes,  situated  close  to,  or  even 
fiorth  of,  the  Tropic. 

like  the  Indian  region,  the  Tropicid  American  has  a  pecu- 
liar Alpine  Fauna,  the  Freshwater  fishes  of  which,  however, 
l^ong  to  the  Siluroids  and  Cyprinodonts.  The  former  are 
ttttaH  dwarfed  forms  {Arges,  Stygogtnes,  Brontes,  Astroblepus, 
fritkomycterus,  Hremophilus),  and  have  a  perfectly  naked 
ttly,  whilst  the  representatives  in  the  lowlands  of,  at  least, 
be  first  four  genera  are  mailed.  The  Alpine  Cyprinodonts, 
n  the  other  hand,  (Orestias)  exceed  the  usual  small  size  of 
le  other  members  of  this  family,  are  covered  with  thick 
ales,  but  have  lost  their  ventral  fins.  Some  of  these  Alpine 
rms,  like  TrichomycUrus,  follow  the  range  of  the  Andes  far 
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into  the  southern  temperate  r^on.  The  majority  Teach  to 
a  height  of  15,000  feet  above  the  level  of  the  sea,  and  a  few 
are  foimd  still  higher. 

D.  The  Tropical  Pacific  Region  includes  all  the  islands 
east  of  Wallace's  line,  New  Guinea,  Australia — with  the  ex- 
ception of  its  south-eastern  portion, — and  all  the  islands  of 
the  Tropical  Pacific  to  the  Sandwich  group.  Comparing  the 
area  of  this  region  with  that  of  the  others,  we  find  it  to  be 
not  only  the  poorest  in  point  of  the  number  of  its  species 
generally,  but  also  in  that  of  the  possession  of  peculiar  fonns, 
as  will  appear  from  the  following  list  :— 

Dipnoi  [Neotrop.,  Africa.] 

Ceratodus  ....         2  species 

PercidsB  [Cosmopol.] — 

Lates  (calcarifer)  [India]  .  .  1      ,, 

Nannoperca  .  .  .  .         1      „ 

Oligorus  [New  Zealand]  .  .  .  1      „ 

Dules  [India]      .  .  .  .         8      „ 

(Macquaria)         .  .  .  .  1       „ 

Labyrinthici — 

Anabas  (scandens)  [India]  .  .         1      „ 

OphiocephalidsB — 

Ophiocephalus  (striatus)  [India]    .  .         1      ,} 

AtherinidsB  [Brack-water] — 

Atherinichthys    .... 

OsteoglossidsB  [India,  Africa,  Neotrop.] 

Siluridae — 

Plotosina  [India] 

Ariina  [India,  Africa,  Neotrop.]   . 

Symbranchidse — 

Monopterus  (javanicus)  [India]    . 

Total 

The  paucity  of  freshwater  fishes  is  due,  in  the  first  place, 
to  the  arid  climate  and  the  deficiency  of  water  in  the  Ana- 


2 

n 

1 

n 

9 

>» 

7 

» 

1 

» 

36 

species. 
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lian  continent,  as  well  as  to  the  insignificant  size  of  the 
sb-water  courses  in  the  smaller  islands.  Still  this  cannot 
the  only  cause  :  the  large  island  of  Celebes,  which,  by  its 
ountainous  portions,  as  well  as  by  its  extensive  plains  and 
wlands,  would  seem  to  offer  a  favourable  variety  of  condi- 
ons  for  the  development  of  a  freshwater  Fauna,is,  as  far  as 
18  been  ascertained,  tenanted  by  seven  Freshwater  fishes 
nly,  viz.  2  Aritis,  2  Plotostis,  1  Anahas,  1  Ophiocepfialus,  1 
(mpUrm,  all  of  which  are  the  commonest  species  of  the 
ndian  r^on.  New  Guinea  has  not  yet  been  explored,  but, 
(omihe  faunae  nearest  to  this  island,  we  expect  its  fresh- 
water fishes  will  prove  to  be  equally  few  in  number,  and 
lentical  with  those  of  Celebes  and  North  Australia ;  a  sup- 
osition  confirmed  by  the  few  small  collections  which  have 
»ched  Europe.  Finding,  then,  that  even  those  parts  of  this 
sgion,  which  are  favourable  to  the  development  of  Fresh- 
'Bter  fishes,  have  not  produced  any  distinct  forms,  and  that 
le  few  species  which  inhabit  them,  are  imchanged,  or  but 
i^Uy  modified  Indian  species,  we  must  conclude  that  the 
liole  of  this  area  has  remained  geologically  isolated  fix)m 
le  other  regions  of  this  zone  since  the  commencement  of  the 
Kiatence  of  Teleostei ;  and  that,  with  the  exception  of  Cera- 
^  and  OsteofflossuTriy  the  immigration  of  the  other  species 
^  of  very  recent  date. 

Fossil  remains  of  Ceraiodvs  have  been  found  in  Liassic 
nd  Tiiassic  formations  of  North  America,  England,  Germany, 
nd  India ;  and  it  is,  therefore,  a  type  which  was  widely 
pread  in  the  Mesozoic  epoch.  Although  it  would  be  rash 
)  conclude  that  its  occupation  of  Australia  dates  equally  far 
^  for  it  may  have  reached  that  continent  long  afterwards ; 
)t  it  is  evident  that,  as  it  is  one  of  the  most  ancient  of  the 
iBting  types,  so  it  is  certainly  the  first  of  the  Freshwater 
bee  which  appeared  in  Australia.  Osteoglossum,  of  which 
foBsSL  remains  yet  have  been  found,  is  proved  by  its  distri- 
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bution  to  be  one  of  the  oldest  Teleosteous  types.  There 
must  have  been  a  long  gap  of  time  before  these  mcmi 
types  were  joined  by  the  other  TeleosteL  All  of  them 
migrated  through  the  intervening  parts  of  the  ocean  bm 
India.  Most  of  the  Plotodna,  some  of  the  Arii,  DuUs,  and 
the  Atherinickthys,  also  Nannoperca  (allied  to  Apoffon),  were 
among  the  earliest  arrivals,  being  sufficiently  differentiated 
to  be  specifically  or  even  generically  (Cnidoglanis,  NamM- 
perca)  distinguished ;  but  some  others,  like  Anabas  scandau^ 
Lates  calcarifer,  DuUs  marginattis,  must  have  reached  the 
Australian  continent  quite  recently,  for  they  are  indistin- 
guishable from  Indian  specimens. 

In  South-western  Australia  a  mingling  of  the  scanty 
fauna  with  that  of  the  southern  temperate  parts  takes  piftoe. 
Oligorus  macquaricnsis  (The  Murray  Cod),  which  has  a  con- 
gener on  the  coast  of  New  Zealand,  ascends  high  up  the 
Murray  river,  so  that  we  cannot  decide  whether  this  Peicoid 
should  be  located  in  the  Tropical  or  Temperate  part  of  Ane- 
tralia.  Several  GcUaxias  also  extend  to  the  confines  rf 
Queensland,  and  will  probably  some  day  be  found  member 
of  this  region. 

In  the  smaller  Pacific  islands  the  Freshwater  fishes  ex- 
hibit a  remarkable  sameness :  two  or  three  species  of  Dvlf^ 
sevei-al  Eels,  an  Atherine,  or  some  Gobies,  Mullets,  and  other 
fishes  which  with  equal  readiness  exchange  fresh  for  salt 
water,  and  which  would  at  once  reach  and  occupy  any  streafltf 
or  freshwater  lakes  that  may  be  formed  on  an  island. 

The  Sandwich  Islands  are  the  only  group  among  the 
smaller  islands  which  are  tenanted  by  a  Siluroid,  a  specitf 
of  AriiLs,  which  is  closely  allied  to  Central  American  species, 
and,  therefore,  probably  immigrated  from  Tropical  America^ 

II.  Northern  Zone. 
The  boimdaries  of  the  Northern  Zone  coincide  in  the 
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tiie  northern  limit  of  the  Equatorial  Zone ;  but  at 
rent  points  they  overlap  the  latter,  as  has  been 
licated.  This  happens  in,  and  east  of,  Syria,  where 
faunas  of  the  Jordan  and  the  rivers  of  Mesopotamia 
e  inclusion  of  this  territory  into  the  Northern  Zone 
the  Equatorial ;  in  the  island  of  Formosa,  where  a 

and  several  Japanese  Cyprinoids  flourish ;  and  in 
nerica,  where  a  Lepidostme,  a  Cyprinoid  {Sdcrog- 
•idiOTuUis),  and  an  Amiurus  (A.  meridUmeUis^  repre- 
4'orth  American  fauna  in  the  midst  of  a  host  of 
■ms. 

jate  Arctic  Zone  does  not  exist  for  Freshwater 
ithyic  life  becomes  extinct  towards  the  pole  ae 
I  fresh  water  remains  frozen  throi^hout  the  year,  or 
1  few  weeks  only  ;  and  the  few  fishes  which  extend 
latitudes,  in  which  lakes  are  open  for  two  or  three 

the  year,  belong  to  types  in  no  wise  differing  from 
le  more  temperate  south.  -  The  highest  latitude  at 
.es  have  been  obtained  is  82°  lat.  N.,  whence  the 
c  Expedition  brought  back  specimens  of  Charr 
turns  and  Salmo  jiaresii). 

athyologieal  features  of  tliis  zone  are  well  marked ; 
Irosteous  Ganoids  or  Sturgeons,  and  the  families 
id<e  and  Esoddcs  are  limited  to,  and  characteristic 
irinoids  flourish  with  the  Salmonoids,  both  families 
iting  in  numbers  over  the  others,  whilst  the  Silur- 
V  in  number  and  in  variety. 

ivo  r^ons  in  which  this  zone  is  divided  are  very 
ated  to  one  another,  and  their  affinity  is  not  unhke 
1  obtains  between  the  sub-regions  of  the  Southern 
le  subjoined  list  will  show  their  close  i^reement 
?d  to  families  as  well  as  species.     Several  of  the 

common  to  both,  viz. — Acipenser  sturio,  A.  macu- 
»  fiuviaitiia,   Oastrostcus  pungitius,  Saimo  saiar. 
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JSsox  lucius,  Lota  vulgaris^  Peiromyzan  marinus,  P.  fiuviaiHi^^ 
and  P,  hranchialis  ;  and  all  recent  investigations  have  resolted 
in  giving  additional  evidence  of  the  affinity,  and  not  of  tb® 
diversity  of  the  two  r^ons. 

In  Europe  and  temperate  Asia,  as  well  as  in  Noitrli 
America,  mountain  ranges  elevated  beyond  the  line  of  pe^' 
petual  snow  would  seem  to  offer  physical  conditions  favoaX- 
able  for  the  development  of  a  distinct  alpine  fiEtuna.  Bt*-^ 
this  is  not  the  case,  because  the  difference  of  climate  b^ 
tween  the  mountain  districts  and  the  lowlands  Ib  nrnc^ ' 
less  in  this  zone  than  in  the  Equatorial  Consequently  tl 
alpine  freshwater  fishes  do  not  essentiaUy  differ  firom  those 
the  plains ;  they  are  principally  Salmonoids ;  and  in  Asu  -^ 
besides,  mountain-barbels  and  Loaches.  Salmo  arientalisyir^ 
found  by  Griffith  to  abound  in  the  tributaries  of  the  Banies^ 
river  at  an  altitude  of  about  11,000  feet 
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9  species. 

12  spedea— 

Scaphirhynchus 

2 

9t 

1 

» 

Polyodon 

1 

»> 

1 

t> 

Lepidosteidas 

0 

n 

3 

ft 

Amiidce 

0 

» 

1 

If 

Percina  [Cosmopol.] 
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Grystina  [Australia,  New  Zealand] 
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9i 

45 
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CyprinidaR— 

^            Caiostomina 

1 

M 

25 

Cyprinina  [India,  Africa]  . 

80 

>» 

30 

Leudscina 

60 

» 

70 

Rhodeina 

10 

>» 

0 

Abramidina  [India,  Africa] 

44 

9» 

10 

Cobitidina  [India]    . 

20 

»» 

0 

0 

9» 

1 

^etromyzontidaB  [Southern  Zone^ 

4 

» 

8 

360  1 

species. 

339  species. 

4.  The  EuROPO- Asiatic  (Pauearctic)  Eegion. — Its  western 
•^  southern  boundaries  coincide  with  those  of  the  Northern 
^^%  80  that  only  those  which  divide  it  fix)m  North  America 
^'^ve  to  be  indicated.  Behring's  Strait  and  the  Karatschatka 
^  have  been  conventionally  taken  as  the  boundary,  but 
^  is  shown  to  be  artificial  by  the  fact  that  the  animals  of 
*^  coasts,  as  far  as  they  are  known  at  present,  are  not  suf- 
^iently  distinct  to  be  referred  to  two  distinct  regions.  As 
^  fte  freshwater  fishes  those  of  North-western  America  and 
^f  Eamtschatka  are  but  imperfectly  known,  but  there  can 
^  little  doubt  that  the  same  agreement  exists  between  them 
^  is  the  case  with  other  classes  of  animals.  The  Japanese 
^ds  exhibit  a  decided  Palaearctic  fish-fauna,  which  includes 
Barbus  and  Cobitioids,  forms  strange  to  the  North  American 
'inna.    A  slight  influx  of  tropical  forms  is  perceived  in  the 
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south  of  Japan,  where  two  Bagrina  (Fseudobagrus  aurantiam 
and  Liocassis  longirostris)  have  established  themselves  for  a 
considerable  period,  for  both  are  peculiar  to  the  island,  and 
have  not  been  found  elsewhere. 

In  the  east,  as  well  as  in  the  west,  the  distinction  between 
the  Europo- Asiatic  and  North  American  regions  disappears 
almost  entirely  the  farther  we  advance  towards  the  north. 
Of  four  species  of  the  genus  Salmo  known  from  Iceland,  one 
(S.  salar)  is  common  to  both  regions,  two  are  European  (S. 
fario  and  S.  cUpirms),  and  one  is  a  peculiarly  Icelandic  ratt 
{S.  nivalis).  As  far  as  we  know  the  Salmonoids  of  Greenland 
and  Baffin's  Land  they  are  all  most  closely  allied  to  European 
species,  though  they  may  be  distinguished  as  local  races. 

Finally,  as  we  have  seen  above,  the  Europo- Asiatic  fanna 
mingles  with  African  and  Indian  forms  in  Syria,  Persia,  and 
Afghanistan.  Capoeta,  a  Cyprinoid  genus,  is  characteristic 
of  this  district,  and  well  represented  in  the  Jordan  and  riven 
of  Masopotamia. 

Assuming  that  the  distribution  of  C)rprinoids  has  taken 
its  origin  from  the  alpine  tract  of  country  dividing  the  Indian 
and  Palaearctic  regions,  we  find  that  this  type  has  found  into 
temperate  region  as  equally  favourable  conditions  for  its  devel- 
opment as  in  the  tropical.  Out  of  the  360  species  known  to 
exist  in  the  Palaearctic  regions,  no  less  than  215  are  Cyprifl" 
oids.  In  the  countries  and  on  the  plateaus  immediately 
joining  the  Himalayan  ranges  those  mountain  forms  whicn 
we  mentioned  as  peculiar  to  the  Indian  Alps  abound  and 
extend  for  a  considerable  distance  towards  the  west  and  eaA 
mixed  with  other  Cyprinina  and  Cohitidina.  The  represent- 
atives of  these  two  groups  are  more  numerous  in  Cential  and 
Eastern  Asia  than  in  Europe  and  the  northern  parts  of  A8i*» 
where  the  Leuciscina  predominate.  Abramidina  ot  Breantf 
are  more  numerous  in  the  south  and  east  of  Asia,  but  they 
spread  to  the  extreme  north-western  and  northern  limits,  to 


KDBOFO-ijaUTIC  BEGION.  245 

Cyprinoid  t3'pe  reaches.  The  Bhoddna  are  a  small 
ecially  characteristic  of  the  East,  but  with  one  or 
oote  in  Central  Europe.  Very  significaut  is  the 
)  in  China  of  a  species  of  the  Catosloitiina,  a  group 
limited  to  Korth  America. 

•prinoids,  in  their  disperse  from  the  south  north- 
met  from  the  opposite  direction  by  the  Salmonoids. 
»  are,  without  doubt,  one  of  the  youngest  families 
i,  for  they  did  not  appear  before  the  Pliocene  era ; 
shed  at  any  rate  during  the  glacial  period,  and, 
fied  by  the  remnants  which  we  find  in  isolated 
ositioDS,  like  the  Trout  of  the  Atlas,  of  the  moun- 
lia-Minor,  and  of  the  Hindu  Kush,  they  spread  to 
le  south  of  this  region.  At  the  present  day  they 
lumerously  represented  in  its  northern  temperate 
ards  the  south  they  become  scarcer,  but  increase 
imbers  and  species,  wherever  a  great  elevation  offers 
snow-fed  waters  which  they  afiect.  In  the  rivers 
diterranean  Salmonoids  are  by  no  means  scarce, 
prefer  the  -upper  courses  of  those  rivers,  and  do 
e  to  the  sea. 

ke.  Umbra,  several  species  of  Perch  and  Stickle- 
also  clearly  autochthont  species  of  this  region, 
ong  to  marine  types,  and  seem  to  have  been  re- 
resh  water  at  various  epochs  :  thus  the  freshwater 
ller's  Thumb) ;  Coitus  quadrieomis,  which  inhabits 
candinavia,  whilst  other  individuals  of  the  same 

strictly  marine ;  the  Burbot  {Lota  vulgaTis) ;  and 
r  Comephorus,  a  dwarfed  and  much-changed  Gadoid 
ibits  the  greatest  depths  of  Lake  Baikal 
nts  of  the  Pabeichthyic  fauna  are  the  StuTgeom 
tys.  The  former  inhabit  in  abundance  the  great 
Eastern  Europe  and  Asia,  periodically  ascending 

the  sea ;  their  southernmost  limits  are  the  Yang- 
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tse-kiang  in  the  east,  and  rivers  flowing  into  the  Adriatic, 
Black  and  Caspian  Seas,  and  Lake  Aral,  towards  the  centre 
of  this  region.    None  are  known  to  have  gone  beyond  the 
boundaries  of  the  Northern  Zone.      If  the  Lampreys  aie 
justly  reckoned  among  Freshwater  fishes,  their  distribution 
is  unique  and  exceptional    In  the  Palsearctic  r^on  some  of 
the  species  descend  periodically  to  the  sea,  whilst  otliers 
remain  stationary  in  the  rivers ;  the  same  has  been  observeci- 
in  the  Lampreys  of  North  America.    They  are  entirely  abeea'^^ 
in  the  Equatorial  Zone,  but  reappear  in  the  Temperate  Zon^ 
of  the  Southern  Hemisphere.    Many  points  of  the  oigaa  ^ 
isation  of  the  Cyclostomes  indicate  that  they  are  a  type  o'^ 
great  antiquity. 

The  remaining  Pala^rctic  fishes  are  clearly  immigianta^ 
from  neighbouring  r^ons :  thus  Silurus,  Macrorus,  anc' 
Pseuddbagrus  from  the  Indian  region;  Amiurus  (and,  ae- 
mentioned  above,  CatostomtLs)  from  North  America.  Th^- 
Cyprinodonts  are  restricted  to  the  southern  and  warmed 
parts  ;  all  belong  to  the  carnivorous  division.  The  fedli^ 
with  wliich  these  fishes  accommodate  themselves  to 
sojourn  in  fresh,  brackish,  or  salt  water,  and  even  in  th^xnav 
springs,  renders  their  general  distribution  easily  compr^* 
hensible,  but  it  is  impossible  to  decide  to  which  r^<^ 
they  originally  belonged ;  their  remains  in  tertiary  deposes 
round  the  Mediterranean  are  not  rare. 

B,  The  boundaries  of  the  North  Amebican  or  Neabc-tr; 
Region  have  been  sufficiently  indicated.    The  main  featoxof 
and  the  distribution  of  this  fauna  are  identical  with  those  d 
the  preceding  region.    The  proportion  of  Cyprinoid  specias 
to  the  total  number  of  North- American  fishes  (135:339) 
appears  to  be  considerably  less  than  in  the  PalaBarctic  r^ofli 
but  we  cannot  admit  that  these  figures  approach  the  tradi, 
as  the  Cyprinoids  of  North  America  have  been  much  less 
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Studied  than  those  of  Europe ;  of  many  scarcely  more  than 
tbe  name  is  known.  This  also  applies  in  a  great  measure  to 
the  Salmonoids,  of  which  only  half  as  many  as  are  found  in 
4e  Palsearctic  region  have  been  sufficiently  described  to  be 
worthy  of  consideration.  North  America  will,  without  doubt, 
1  the  end  show  as  many  distinct  races  as  Europe  and  Asia. 

Cyprinoids,  belonging  to  genera  living  as  well  as  extinct, 
KJated  in  North  America  in  the  tertiary  period.  At  present, 
^yprinina,  Zeticiscirui,  and  Abramidina  are  well  represented, 
at  there  is  no  representative  of  the  Old  World  genus  Barbtis, 
r  of  the  CobUidina  ^ ;  Bhodeina  are  also  absent.  On  the 
bier  hand,  a  well-marked  Cyprinoid  type  is  developed  — 
kie  Catostomina,  of  which  one  species  has,  as  it  were,  re- 
amed into  Asia.  Very  characteristic  is  the  group  of  Centrar- 
fctw,  allied  to  the  Perch,  of  which  there  are  some  thirty 
pedes;  two  Chrystina,  Of  the  Sticklebacks  there  are  as 
aany  species  as  in  Europe,  and  of  Pike  not  less  than  seven 
species  have  been  distinguished.  Umbra  appears  to  be 
^  local  as  in  Europe.  Some  very  remarkable  forms,  types 
t>f  distinct  families,  though  represented  by  one  or  two  species 
^riy,  complete  the  number  of  North  American  autochthont 
fiAe&— viz.,  Aphredodents,  Percopsis,  Hyodon,  and  the  Heter- 
^PUgii  {Amblyopsis  and  C%ologaster),  The  last  are  allied  to 
^  Cyprinodonts,  differing  from  them  in  some  points  of  the 
^cture  of  their  intestines.  The  two  genera  are  extremely 
^nnilar,  but  Chologaster,  which  is  found  in  ditches  of  the  rice- 
Wds  of  South  Carolina,  is  provided  with  eyes,  and  lacks  the 
Central  fins.  Amblyopsis  is  the  celebrated  Blind  Fish  of  the 
^Jttunoth  Cave  of  Kentucky :  colourless,  eyeless,  with  rudi- 
^tary  ventral  fins,  which  may  be  occasionally  entirely 

1  Cope  has  discovered  in  a  tertiary  freshwater-deposit  at  Idaho  an  extinct 
t'Vtt  of  this  group,  Diastichus.  He  considers  this  interesting  fact  to  be 
'ti'Rt^  soggestiTe  of  continuity  of  territory  of  Asia  and  North  America. — 
''hocL  Am.  PfaiL  Soc.  1878,"  p.  55. 
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A  peculiar  feature  of  the  North  Americai^  Fish  Fauna  10 
that  it  has  retained,  besides  the  Stuigeons  and  LampieyBr 
representatives  of  two  Granoid  families,  LepidosUus  and  Amtf^ 
Both  these  genera  existed  in  tertiary  times :  the  former  occoT^ 
in  tertiary  deposits  of  Europe  as  well  as  North  Americ^^ 
whilst  fossil  remains  of  Amia  have   been    found  in  tt^^ 
Western  Hemisphere  only. 

It  is  difficult  to  account  for  the  presence  of  the  Amiwrin/^^ 
in  North  America.  They  form  a  well-marked  division  of  th^^ 
Boffrina,  which  are  weU  represented  in  AMca  and  the  "EssT^ 
Indies,  but  absent  in  South  America ;  it  is  evident,  therefore^ 
they  should  not  be  regarded  as  immigrants  from  the  souths 
as  is  the  case  with  the  Palsearctic  Siluroids.  Nor,  again^ 
has  the  connection  between  South  and  North  America  beet^ 
established  sufficiently  long  to  admit  of  the  supposition  tha  — 
these  Siluroids  could  have  spread  in  the  interval  from  Ui — 
south  to  the  northern  parts  of  the  continent,  for  some  of 
species  are  found  as  far  north  as  Pine  Islands  Lake  {I 
lat.  N.)i 

III.  Southern  Zone. 

The  boundaries  of  this  zone  have  been  indicated  in 
description  of  the  Equatorial  Zone ;  they  overlap  the  southe 
boundaries  of   the    latter  in   South  Australia    and  Sou- 
America,  but  we  have  not  at  present  the  means  of  exac 
defining  the  limits  to  which  southern  types  extend  no; 
wards.      This  zone  includes  Tasmania  with  at  least  a 
tion  of  South-eastern  Australia  (Tasmanian  sub-region),  Tf^^ 
Zealand  and  the  Auckland  Islands  (New  Zealand  sub-regiof^)' 
and   Chili,  Patagonia,  Terra  del  Fuego,  and  the  Falkland/ 
Islands  {Fuegian  sub-region).    No  freshwater  fishes  are  known 

^  Leidy  describes  a  Siluroid  {Pimelodus)  from  tertiary  deposits  of  Wyoming 
Territory.  "  Contrib.  to  the  Extinct  Vert.  Fauna  of  the  Western  Tenit 
1878,"  p.  198. 


BOUTHEBN  ZONE.  249 

*m  Eeiguden's  Land,  or  from  islands  beyond  SS"*  lat.  S. 
le  southern  extremity  of  Africa  has  to  be  excluded  from 
is  zone  so  far  as  Freshwater  fishes  are  concerned. 
This  zone  is,  with  regard  to  its  extent  as  well  as  to 
B  number  of  species,  the  smallest  of  the  three;  yet  its 
iQiyological  features  are  well  marked ;  they  consist  in  the 
isence  of  two  peculiar  families,  each  of  which  is  analogous 
a  northern  type,  viz.  the  Haplochitonidce,  which  represent 
i  Saimanidee,  HaplockUon  being  the  analogue  of  Salmo,  and 
uMroctes  that  of  Coregomis;  and  the  Galaxiidce,  which  are 
s  Pikes  of  the  Southern  Hemisphere. 
Although  geographically  widely  separate  from  each  other, 
e  Freshwater  fishes  of  the  three  divisions  are  nevertheless 
closely  allied  that  conclusions  drawn  from  this  group 
animals  alone  would  hardly  justify  us  in  regarding  these 
^ons  as  sub-regions.  One  species  of  Galaxias  (G.  attenu- 
*)  and  the  three  Lampreys  are  found  in  all  three,  or  at 
^  two,  sub-regions. 

Freshwater  Fishes  of  the  Southern  Zone. 


1 

Tasmanian. 

K.  Zealand.  Fuegian 

Perdchthys 

• 

• 

•  •  • 

•  •  •                  o 

Siloridffi — 

DiplomysUix    . 

• 

• 

•  •  • 

1 

Nemalogenys   . 

• 

• 

•  •  • 

1 

Trichomycterina 

[Neotrop.] 

•  •  • 

5 

Oadapsida. 

• 

1 

•• •            ■  • . 

(Retropinna 

• 

... 

1            ...) 

HaplachiionicUe   . 

• 

1 

1              1 

Gaiaxiidce  . 

• 

6 

5             4 

Petromyzontidffi 

• 

3 

1              3 

11  8  18 


But  little  remains  to  be  added  in  explanation  of  this 
;  ftrdchthys  is  in  Chili  the  autochthont  form  of  the  cos- 
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mopolitan  group  of  PercvMi.  DiplamystaXy  an  Arioid  fisl 
Chili,  and  Nematogenys  seem  to  have  crossed  the  Andes  £ 
Tropical  America  at  a  comparatively  early  period,  as  tl 
genera  are  not  represented  on  the  eastern  side  of  Sc 
America;  the  Trichomyderina  occur  on  both  sides  of 
Andes,  which  they  ascend  to  a  considerable  height.  Bt 
pinna  is  a  true  Salmonoid,  allied  to,  and  representing  in 
Southern  Hemisphere  the  Northern  Smelt,  Osmerus. 
both  these  genera  a  part  of  the  specimens  live  in  the  i 
and  ascend  rivers  periodically  to  spawn ;  another  part  rem 
in  rivers  and  lakes,  where  they  propagate,  never  descend 
to  the  sea,  this  freshwater  race  being  constantly  smaller  tt 
their  marine  brethren.  That  this  small  Teleostean  of  l 
Northern  Hemisphere  should  reappear,  though  in  a  gem 
ally  modified  form,  in  New  Zealand,  without  having  spR 
over  other  parts  of  the  Southern  Zone,  is  one  of  the  m 
remarkable,  and  at  present  inexplicable  facts  of  the  g 
graphical  distribution  of  freshwater  fishes. 


Fig.  104. — HaplochUon  zebra,  Straits  of  Magelluen. 


CHAPTER  XVIII. 

THE  FISHES  OF  THE  BRACKISH  WATER, 

3h  parts  of  a  coast  at  which  there  is  a  mixture  of  fresh 
Jt  water,  either  in  consequence  of  some  river  empty- 
I  water  into  the  sea  or  from  an  accumulation  of  land 
!  water  forming  lagunes,  which  are  in  uninterrupted  or 
luy  communication  with  the  sea,  there  flourishes  a 
jr  brackish  water  fauna  which  is  characterised  by  the 
)e  of  fishes  found  sometimes  in  sea-,  sometimes  in 
eah-water. 
s  fauna  can  be  rather  sharply  defined  if  a  limited 

only  is  taken  into  consideration ;  thus,  the  species  of 
ckish  water  fauna  of  Great  Britain,  the  Pacific  coast 
lal  America,  of  the  larger  East  India  Islands,  etc.,  can 
merated  without  much  hesitation.  But  difficulties 
ben  we  attempt  to  generalise  in  the  enumeration  of 
ns  referable  to  the  brackish  water  faima ;  because  the 
and  families  enumerated  include  certain  species  and 
which  have  liabituated  themselves  exclusively  either 
sshwater  or  marine  existence;  and;  besides,  because 
es  of  fish  may  be  at  one  locality  an  inhabitant  of 
b  water,  at  another  of  the  sea,  and  at  a  third  of  fresh 

The  circumstance  that  these  fishes  can  live  in  sea 
jh  water  has  enabled  them  to  spread  readily  over  the 

few  only  being  limited  to  particular  regions ;  there- 
the  purposes  of  dividing  the  earth's  surface  into  natural 
al  r^ons  the  brackish  water  forms  are  useless.  The 
ig  fishes  may  be  referred  to  this  Fauna : — 
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1.  Species  of  Bajidce  (Baja,  Trygon)  prefer  the  moul 
rivers,  probably  because  the  muddy  or  sandy  bottom 
the  most  suitable  conditions  for  fishes  which  can  feed  c 
bottom  only ;  such  brackish  water  species  belong  chie 
the  Equatorial  Zone,  some  having  taken   up  their 
entirely  in  fresh  water  (South  American  Trygons). 

2.  Anibassis,  a  Percoid  genus,  consisting  of  numerous 
species,  inhabiting  the  shores  of  the  tropical  parts  ( 
Indian  Ocean  and  the  coasts  of  Tropical  Australia, 
species  enter,  and  all  seek  the  neighbourhood  of,  fresh ' 
hence  they  disappear  in  the  islands  of  the  Pacific,  ai 
scarce  in  the  Eed  Sea. 

3.  Therapon,  with  the  same  distribution  as  the  fom 

4.  Numerous  Sciamidce  of  the  Equatorial  Zone. 

5.  The  Polynemidce,  chiefly  inhabitants  of  brackish 
of  the  Equatorial  Zone,  most  developed  in  the  ] 
region,  and  scarce  in  the  Tropical  Pacific. 

6.  Numerous  species  of  Caranx  (or  Horse  Mackei 
the  Equatorial  Zone. 

7.  Nearly  all  species  of  Chstrosteua  enter  brackish 
G.    spincLchia    being    almost    exclusively    confined   1 
Northern  Zone. 

8.  The  most  important  genera  of  the  Gobies  (flW 
Gobivs  (nearly  cosmopolitan),  Sicydium,  BoleophOudmus 
opfUhalmvs,  Meotris  (equatorial).  Many  of  the  speci 
entirely  confined  to  fresh  water. 

9.  The  Amblyopina,  similar  to  the  Gobies,  but  with 
elongated  body :  Tropical  Indo-Pacific. 

10.  The  Trypaiichenina :  Coasts  of  the  Indian  r^o 

11.  Many  species  of  Blennius,  of  which  several  are 
far  inland  in  fresh  waters — for  instance  in  North  Italy, 
Lake  of  Galilee,  in  the  eastern  parts  of  Asia  Minor. 

12.  The  majority  oi  AtherinidcCy  and 
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13.  The  MugUida;:  both  families  being  most  numerous 
id  abundant  in  brackish  water,  and  almost  cosmopolitan. 

14.  Many  Plturonectidoe  prefer  the  mouths  of  rivers  for 
ae  same  reason  as  the  Hays;  some  ascend  rivers,  as  the 
flounder,  Cynoglossus,  etc. 

15.  Several  Siluridce,  as  especially  the  genera  Plotosus, 
Cniidoglanis,  Arius,  which  attain  their  greatest  development 
in  blackish  water. 

16.  The  Cyprinodontidce  are  frequently  found  in  brackish 
later. 

17.  Species  of  Clupea,  some  of  which  ascend  rivers,  and 
become  acclimatized  in  fresh  water,  as  Clupea  Jinta,  which 
bM  established  itself  in  the  lakes  of  northern  Italy. 

18.  ChaioessuSy  a  genus  of  Clupeoid  fishes  of  the  Equatorial 
Zone,  of  which  some  species  have  spread  into  the  Northern 
Zone. 

19.  Megcdops :  Equatorial  Zone. 

20.  Anguilla.  The  distribution,  no  less  than  the  mode 
rf  propagation,  and  the  habits  generally,  of  the  so-called 
fiesbwater-eels  still  present  us  with  many  difficult  prob- 
*Di8,  As  far  as  we  know  at  present  their  birthplace  seems 
^  be  the  coast  in  the  immediate  neighbourhood  of  the 
Diouths  of  rivers.  They  are  much  more  frequently  found 
^  fresh  water  than  in  brackish  water,  but  the  distribution  of 
'ome  species  proves  that  they  at  times  migrate  by  sea  as  well 
•8  by  land  and  river.     Thus  Anguilla  mauritiana  is  found 

• 

^  ahnost  all  the  fresh  and  brackish  waters  of  the  islands 
^f  the  Tropical  Indian  Ocean  and  Western  Pacific,  from 
4e Comoros  to  the  South  Sea;  Anguilla  vulgaris  is  spread 
^er  temperate  Europe  (exclusive  of  the  system  of  the 
^ube,  the  Black  and  Caspian  Seas),  in  the  Mediterranean 
^Jistrict  (including  the  Nile  and  rivers  of  Syria),  and  on  the 
Atlantic  coast  of  North  America ;  Anguilla  hostoniensis,  in 
Eastern  North  America,  China,  and  Japan;  Anguilla  lati- 
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rostris.  Id  Temperate  Europe,  the  whole  MediteTTanean  du 
trict,  the  West  Indies,  China,  and  New  Zealand.  The  otte 
more  local  species  are  found,  in  addition  to  localities  alieid 
mentioned,  on  the  East  Coast  of  Africa,  South  Africa,  o 
the  continent  of  India,  varioaa  East  Indian  Islands,  Anstnli 
Tasmania,  Auckland  Islands ;  but  none  have  ever  been  fow 
in  South  America,  the  West  Coast  of  North  America,  u 
the  West  Coast  of  Africa :  surely  one  of  the  most  sbildi 
instances  of  irregular  geographical  distribution. 

21.  Numerous  .%n^na^u2(E  have  established  themselTta^ 
the  Northern  Zone  as  well  as  in  the  Equatorial,  in  tiie  ng 
tation  which  fiourishes  in  brackish  water. 

This  list  could  be  considerably  increased  if  an  ennina 
tion  of  species,  especially  of  certain  localities,  were  attempte 
but  this  is  more  a  subject  of  local  interest,  and  would  cai 
us  beyond  the  scope  of  a  general  account  of  the  distribi^ 
of  Fishes. 


Pig.  107.— Mn^  tepientritmalit. 
Headi  of  Qtbj  Unlleta,  fiahea  of  Brmckiih  w 


CHAPTER  XIX. 

THE  DISTRIBUTION  OF  MARINE  FISHES. 

Marine  fishes  fall,  with  regard  to  their  mode  of  life  and  dis- 
tribution, into  three  distinct  categories  : — 

1.  Skore  Fishes — That  is,  fishes  which  inhabit  chiefly 

pwts  of  the  sea  in  the  immediate  neighbourhood  of  land 

otter  actually  raised  above,  or  at  least  but  little  submerged 

Wow,  the  surface  of  the  water.      They  do  not  descend  to 

•ny  great  depth, — very  few  to  300  fathoms,  and  the  majority 

fi^e  dose  to  the  surface.    The  distribution  of  these  fishes  is 

^etemiined  not  only  by  the  temperature  of  the  surface  water 

''^t  also  by  the  nature  of  the  adjacent  land,  and  its  animal 

•^  T^etable  products  ;  some  of  these  fishes  being  confined 

^  flat  coasts  with  soft  or  sandy  bottoms,  others  to  rocky  and 

*^«ued  coasts,  others  to  living  coral  formations.     If  it  were 

'^for  the  frequent  mechanical  and  involuntary  removals  to 

^Hch  these  fishes  are  exposed,  their  distribution  within  cer- 

*^  limits,  as  it  no  doubt  originally  existed,  would  resemble 

^tffl  more  that  of  freshwater  fishes  than  we  find  it  actually 

^^  at  the  present  period. 

2.  Pelagic  Fishes — that  is,  fishes  which  inhabit  the  sur- 
*^  and  uppermost  strata  of  the  open  ocean,  which  approach 
**^  shores  only  accidentally,  or  occasionally  (in  search  of 
1^),  or  periodically  (for  the  purpose  of  spawning).  The 
^jority  spawn  in  the  open  sea,  their  ova  and  young  being 
^^ys  found  at  great  distance  from  the  shore.  With  regard 
^  their  distribution,  they  are  still  subject  to  the  influences  of 
t^t  and  the  temperature  of  the  surface  water ;  but  they  are 
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independent  of  the  variable  local  conditions  which  tie 
shore  fish  to  its  original  home,  and  therefore  roam  fredy 
over  a  space  which  would  take  a  freshwater  or  shore  fish 
thousands  of  years  to  cover  in  its  gradual  dispersal  Such 
as  are  devoid  of  rapidity  of  motion  are  dispersed  over  simi- 
larly large  areas  by  the  oceanic  currents,  more  slowly  thaiii 
but  as  surely  as,  the  strong  swimmers.  Therefore,  an  accu 
rate  definition  of  their  distribution  within  certain  areas  equi 
valent  to  the  terrestrial  regions  is  much  less  feasible  than  i 
the  case  of  shore  fishes. 

3.  Deep-sea  Fishes — that  is,  fishes  which  inhabit  sue 
depths  of  the  ocean  as  to  be  but  little  or  not  influenced  t 
light  or  the  surface  temperature ;  and  which,  by  their  orgaJ 
isation  are  prevented  from  reaching  the  surface  stratum  iiL 
healthy  condition.  Living  almost  under  identical  telluric 
conditions,  the  same  type,  the  same  species,  may  inhabit  B 
abyssal  depth  under  the  equator  as  well  as  one  near  tl 
arctic  or  antarctic  circle;  and  all  we  know  of  these  fish 
points  to  the  conclusion  that  no  separate  horizontal  r^oi 
can  be  distinguished  in  the  abyssal  fauna,  and  that  i 
division  into  bathymetrical  strata  can  be  attempted  on  tl 
base  of  generic  much  less  of  family  characters. 

It  must  not  be  imagined  that  these  three  eateries  ai 
more  sharply  defined  than  Freshwater  and  Marine  FisL 
They  gradually  pass  into  each  other,  and  there  are  numerc 
fishes  about  which  uncertainty  exists  whether  they  shoe 
be  placed  in  the  Shore  or  Pelagic  series,  or  in  the  Pelagic^ 
Deep-sea  series ;  nay,  many  facts  favour  the  view  that  chaaf 
in  the  mode  of  life  and  distribution  of  fishes  are  still 
progress. 

The  change  in  habitat  of  numerous  fishes  is  regulated  i 
the  distribution  of  their  favourite  food.  At  certain  season 
the  surface  of  the  sea  in  the  vicinity  of  land  swanns  wit! 
mollusks,  larval  Crustaceans,  Medusae,  attracting  shoals  ol 
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ts  from  the  open  ocean  to  the  shores ;  and  these  are  again 
ned  by  fishes  of  larger  size  and  predacious  habits,  so  that 
these  fishes  might  be  included,  with  equal  propriety,  in 
littoral  or  pelagic  series.  However,  species  which  are 
wn  to  normally  spawn  in  the  open  ocean  must  be  always 
jrred  to  the  latter  division. 

Chondropterygii,  Acanthopterygii,  Anacanths,  Myxinoids, 
i  Pharyngobranchii  furnish  the  principal  contingents  to 
J  Marine  Faima ;  whilst  the  majority  of  Malacopterygians, 
J  Ganoids,  and  Cyclostomes  are  Freshwater  Fishes. 

I. — Distribution  of  Shore  Fishes. 
The  principal  types  of  Shore-fishes  are  the  following :  — 
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NACANTHINI — 
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•*^^  types  of  Shore  fishes  are  divided  among  the  fol- 
^^  oceanic  arese  : — 

^  Tile  Arctic  Ocean. 

'  The  Northern  Temperate  Zone. 

A.  The  Temperate  North  Atlantic. 

1.  The  British  district. 

2.  The  Mediterranean  district. 

3.  The  North  American  district 

B.  The  Temperate  North  Pacific. 

1.  The  Kamtschatkan  district. 

2.  The  Japanese  district. 

3.  The  Galifomian  district. 
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III.  The  Equatorial  Zone. 

A.  The  Tropical  Atlantic. 

B.  The  Tropical  Indo-Pacific 

C.  The  Pacific  Coast  of  Tropical  America. 

1.  The  Central  American  district. 

2.  The  Galapagoes  district. 

3.  The  Peruvian  district. 

IV.  The  Southern  Temperate  Zone. 

1.  The  Cape  of  Good  Hope  district 

2.  The  South  Australian  district 

3.  The  Chilian  district 

4.  The  Patagonian  district 

V.  The  Antarctic  Ocean. 

As  with  freshwater  fishes,  the  main  divisions  of  the  Shoie- 
fish  faunae  are  determined  by  their  distance  from  the  equator, 
the  equatorial  zone  of  the  Freshwater  series  corresponding 
entirely  to  that  of  the  Shore-fish  series.    But  as  Marine  fisb« 
extend  farther  towards  the  Poles  than  Freshwater  fishes,  and 
as  the  polar  types  are  more  specialised,  a  distinct  Arctic  and 
Antarctic  fauna  may  be  separated  from  the  faunse  of  tto 
temperate  zones.      The  two  subdivisions  of  the  Northern 
temperate  zone  in  the  Freshwater  series  are  quite  analogons 
to  the  corresponding  divisions  in  the  Coast  series.    In  thfi 
Southern  Hemisphere  the  Shore-fishes  of  the  extremity  ^ 
Africa  form  a  separate  district  of  the  temperate  zone,  whiW 
the   Freshwater  fishes  of  South   Africa  were  found  to  1* 
tropical  types.     The  Marine  series  of  the  Southern  temperate 
zone  is  also  much  more  diversified  than  the  Freshwater  series, 
and  admits  of  further  subdivision,  which,  cdthough  in  so^^ 
degree  indicated  in  the  Freshwater  series,  does  not  entirdy 
correspond  to  that  proposed  for  the  latter. 
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Shore  Fishes  of  the  Arctic  Ocean. 

re  iSshes  clearly  prove  a  continuity  of  the  Arctic 
fauna,  as  the  southern  limit  of  which  we  may 
southern  extremity  of  Greenland  and  the  Aleu- 
dago,  or  60**  of  lat.  K 

the  North,  fishes  become  less  in  variety  of  species 
1  number  of  individuals,  and  only  very  few  genera 
d  to  this  fauna. 

best  latitude  at  which  Shore  fishes  have  been 
83°  N.  lat  The  late  Arctic  Expedition  collected 
p  that  latitude  specimens  of  Cottus  qtiadricomis, 
tiis,  Cyclopterus  spirumis,  lAparis  fabrUii,  Oymnelis 
Oadus  fahridi.  This  number  probably  would 
arger  if  the  difl&culties  of  collecting  fishes  in  those 
les  were  not  almost  insuperable  for  the  greater 
jrear. 

3  we  know,  the  fishes  north  and  south  of  Behring's 
ng  to  the  same  generic  or  family  types  as  those 
esponding  latitudes  of  the  Eastern  Hemisphere, 
majority  are  specifically  distinct.  But  the  infor- 
)ossess  of  the  fishes  of  the  northernmost  extremity 
ic  is  extremely  scanty  and  vague.  Farther  south, 
w  and  then  a  collection  reaches  Europe,  we 
some  European  species,  as  the  Hemng,  Holibut, 


^ndropterygians  are  very  scarce,  and  it  is  doubtful 
other  Chondropterygian,  beside  the  pelagic  Lcem- 
reenland  Shark,  crosses  the  Arctic  circle.  In  the 
erate  latitudes  of  South  Greenland,  Iceland,  and 
sandinavia,  Acanthias,  Centroscyllmm,  and  a  species 
o  Chimera,  are  met  with. 

ithopterygians  the  families  of  Cottidcc,  Cataphracti, 
id  Blenniidce  are  well  represented,  and  several  of  the 
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genera  are  characteristic  of  the  Arctic  fauna :  marine  species 
of  Coitus;  Centridermichthys,  Icelus,  Triglops ;  AgonuSjAspi- 
dapharoides;  Anarrhichas,  CerUronotus,  SticJumis ;  Oydoptenu 
and  Idparis.    Two  species  of  SebasUs  are  rather  commoiL 

Cliaraeteristic  is  also  the  development  of  Gadoid  fishes,  of 
which  some  thirteen  species,  belonging  to  Gadus,  MerlutxiM, 
and  Molva,  form  one  of  the  principal  articles  of  food  to  the 
inhabitants  of  the  coasts  of  the  Arctic  Ocean.  The  Blennioid 
Anacanthini  or  LycodidoCy  are  limited  to  the  Arctic  and  An- 
tarctic coasts.  Ammodytes  and  a  few  Flat-fishes  {Hipf^ 
glossoides  and  Pleuronectes)  are  conmion  in  the  more  temperate 
parts. 

Labroids  only  exceptionally  penetrate  so  far  towards  the 
north. 

Physostomes  are  very  scarce,  and  represented  only  by  a  few 
species  of  Clupea  and  by  McUlotus;  the  latter  is  an  ancient  in- 
habitant of  the  Greenland  coasts,  fossil  remains,  indistinguish- 
able from  the  species  of  the  present  day,  being  frequently 
found  in  nodules  of  clay  of  comparatively  recent  formation. 

The  Arctic  climate  is  still  less  favourable  to  the  existence 
of  Lophobranchs,  only  a  few  Syngnathus  and  Neraphis  being 
present  in  the  more  southern  latitudes,  to  which  they  have 
been  carried  by  oceanic  currents  from  their  more  congenial 
home  in  the  south.  Scleroderms  and  Plectognaths  are  entirely 
absent. 

The  Gadoids  are  accompanied  by  Myxine,  which  paiasiti- 
cally  thrives  in  them. 

II.   The  Northern  Temperate  Zone. 
A.  Shore  Fishes  of  th^  Temperate  North  Atlantic. 

This  part  of  the  fauna  may  be  subdivided  into  three 
districts : — 
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L  The  fishes  of  the  north-eastern  shores,  viz.  of  the 
itish  islands,  of  Scandinavia  so  far  as  it  is  not  included  in 
)  Arctic  fauna,  and  of  the  continent  of  Europe  southwards 
about  40**  of  lat.  N. — British  district 

2.  The  fishes  of  the  Mediterranean  shores  and  of  the 
ioining  shores  of  the  Atlantic,  including  the  Azores, 
iddra,  and  the  Canary  Islands — Mediterranean  district 

3.  The  fishes  of  the  western  shores,  from  60°  lat  N.  to 
rat  30**  lat  N. — ^the  North  American  district. 

1.  The  British  district  shows  scarcely  any  marked  dis- 
ictive  features;  the  character  of  its  fauna  is  simply 
^ennediate  between  that  of  the  Arctic  Ocean  and  the 
editerranean  district ;  truly  Arctic  forms  disappear,  while 
cb  as  are  also  found  in  the  Mediterranean  make  their 
peaiance.  Also  with  regard  to  the  abundance  of  individuals 
d  variety  of  fishes  this  district  forms  a  transition  from  the 
rth  towards  the  south. 

Besides  the  few  Arctic  Chondropterygians,  all  of  which 
tend  into  this  district,  the  small  shore  Dog-fishes  are  well 
nesented  (Musteltis,  Galeus,  ScylUum,  Pristiurus)  ;  the  ubi- 
itous  Bhina  or  Monk-fish  is  common  ;  of  Eays,  Baja  pre- 
Diinates  in  a  variety  of  species  over  Torpedo  and  Trygon, 
lich  are  still  scarce. 

Of  Acanthopterygians,  Centridermichthys,  Icelus,  Triglops, 
i  AspidopJuyroideSy  do  not  extend  from  the  north  into  this 
Wet;  and  Cottus,  Anarrhichas,  Centronotus,  Siichccus,  the 
fvMi  disappear  within  its  limits.  Nearly  all  the  remainder 
'genera  which  are  also  found  in  the  Mediterranean  districts. 
« following  are  the  principal  forms,  and  known  to  propagate 
these  shores :  Labrax;  Serrantcs,  Polyprion,  Dentex;  MiUlus ; 
^^TuSy  PagruSy  Pagellus;  Sebastes;  Cottus,  Trigla,  Agonus; 
yAinus;  Scicena(f);  Zeus;  Trachurus,  Capros;  CaUiany- 
f;  Discoboli;  Lophius;  Anarrhichas,  Centronotus,  Stich- 
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ceus;  Blenniops,  Zoarces  (not  in  Mediterranean);   Cepk] 
Lepadogaster, 

Of  the  Anacanthini  the  Gudoids  are  as  numerous  as  in 
the  Arctic  Ocean,  most  being  common  to  both  districts; 
they  are  represented  by  Gadus,  Oadundm,  Merluccivs,  Phyds, 
Molva,  Motella,  Baniceps,  and  Brosmius;  but,  whilst  tk 
majority  show  their  northern  origin  by  not  extending  into 
the  Mediterranean,  Ammodytes  and  most  Fleuronectida  prove 
themselves  to  be  the  more  southern  representatives  of  this 
order.  In  the  British  district  we  find  Hippoglossus,  Eippo- 
glossoideSy  Ehombus,  Phrynarhombus,  Pleuronectes,  Solea,  and 
only  the  two  first  are  not  met  with  in  the  Mediterranean. 

Labroids  are  common ;  with  the  exception  of  the  North 
American  Tavioga,  all  the  other  genera  are  met  witL 

Physostomes  are  not  well  represented,  viz.  by  one  species 
of  Osmerus,  one  of  JEngratUis,  one  of  Conger,  and  about  five  of 
Clupea. 

Syngnathus  and  Nerophis  become  more  common  as  we 
proceed  southwards ;  but  the  existence  of  Sclerodenns  and 
Plectognaths  is  indicated  by  single  individuals  only,  strag^ 
from  their  southern  home,  and  unable  to  establish  them- 
selves in  a  climate  ungenial  to  them. 

The  Gadoids  are  accompanied  by  Myxine  ;  and  Broncho- 
stoma  may  be  found  in  all  suitable  localities. 

2.  The  Mediterranean  district  is  distinguished  by  a  gw^ 
variety  of  forms ;  yet,  with  the  exception  of  a  few  genert 
established  for  single  species,  none  of  the  forms  can  be  con- 
sidered peculiar  to  it;  and  even  that  small  number  of 
peculiar  genera  is  more  and  more  diminished  as  our  know- 
ledge of  the  distribution  of  fishes  advances.  Some  genera 
ai*e  identical  with  those  found  on  the  western  coasts  of  the 
Atlantic  and  in  the  West  Indies ;  but  a  most  remarkable 
and  unexpected  affinity  obtains  with  another  very  distant 
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ana,  viz.  that  of  Japan.     The  number  of  genera  common 

the  Mediterranean  district  and  the  Japanese  coasts  is 
rger  than  that  of  the  genera  common  to  the  Mediterranean 
id  the  opposite  American  coasts. 

The  Chondropterygians  found  in  the  British  district  con- 
aue  in  the  Mediterranean,  their  number  being  increased  by 
tntrina,  Spinax,  Pteroplatea,  and  some  species  of  JRhinobatus, 
genus  more  numerously  represented  in  the  Tropics.  Tor- 
ado  and  Trygon  are  common. 

The  greatest  variety  belong  to  the  Acanthopterygians,  as 
ill  be  seen  from  the  following  list : — Lahrax ;  Anthias, 
^rranus,  Polyprion,  Apogon,  Pomatomus,  Pristipoma,  Dia- 
romma  (an  Indian  genus  Mrith  two  Mediterranean  species, 
nd  otherwise  not  represented  in  the  Atlantic),  Bentex,  MamOj 
Ww ;  Midltts ;  CantJiarus,  Box,  Scatharxs,  OblcUa,  Sargus, 
ofFvOy  PageUus,  Chrysophrys ;  Sebastes,  Scorpccna ;  Hoplo- 
fettiw,  BeryXy  Polymixia ;  Trigla,  Lepidotrigla,  Agonus, 
^trittdhtis ;  Trachintis,  Uranoscopiis ;  Umbrina,  Sciccna ; 
^yrfjena;  Aphanopics,  Zepidopus,  Ncsiarchvs,  Trichmrus, 
Tkfmtes;  CtMceps ;  Zetis,  Cyttus  ;  Stromatem  ;  TrachuruSy 
^<^nx,  Capros,  Diretmus,  Antigonia ;  Callionymus ;  Ba- 
'^^u ;  Lophius ;  Cristiceps,  Tripterygium  ;  Cepola  ;  Lcpa- 
*^^tT;  Cenirisczis;  NotacanthtLS. 

The  Ldbridce  are  as  common  as,  or  even  more  so 
*^  in  the  British  district,  and  represented  by  the  same 
S^^wa  But,  besides,  some  other  Pharyngognaths,  properly 
Wonging  to  the  Tropical  Atlantic,  have  fully  established 
^**flD8elve8,  though  only  by  a  few  species,  viz.  Glyphidodon 
^Hdiastes;  Cossyph/us,  Novacula,  Jtdis,  Coris,  and  Scarus. 

The  Gfidoids  show  a  marked  decrease  of  development ;  and 
^  species  of  Gadus,  Gadicubis,  Mora,  Striima,  Phycis,  and 
iWitt,  which  are  peculiar  to  the  Mediterranean,  seem  to 
oiabit  rather  the  colder  water  of  moderate  depths,  than  the 
lAoe  near  the  shore.    Motella,  however,  proves  to  be  a  true 
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Shore  fish  also  in  the  Mediterranean,  at  least  in  its  adult 
state.  Ophidium  and  Fierasfer  appear  now  besides  Amm- 
dytes.  As  the  Gadoids  decrease,  so  the  Heuronectida  inciease^ 
the  genera  of  the  Mediterranean  district  being  Rhmiw, 
Fhri/norhomims,  Amoghssus,  Ciiharus,  lihombotdichthys,!^ 
ronedes  (a  northern  genus  not  extending  farther  southwards], 
Solea,  Synaptura,  and  Ammopleuraps. 

The  variety  of  Physostomes  is  small ;  the  following  only 
being  superadded  to  those  of  the  British  district : — Sauns  (a 
tropical  genus),  Avlopus  ;  Congromuroena,  Heteroconger,  Myrvs, 
OphicfUhys,  Murcena. 

The  Lophobranchs  are  more  numerous  in  species  and 
individuals  than  in  the  British  district ;  and,  besides  SpgM-- 
thxis  and  Nerophis,  several  species  of  Hippocampus  are  common. 
Also  a  few  species  of  Balistes  occur. 

Myxine  is  lost  in  this  district ;  whilst  BraTichtosioma  ^ 
abundant. 

3.  The  shore  fishes  of  the  North  American  district  con- 
sist, as  on  the  eastern  coasts  of  the  North  Atlantic,  of  noithem 
and  southern  elements ;  but  they  are  still  more  mixed  with 
each  other  than  on  the  European  coasts,  so  that  a  boundaiy 
line  cannot  be  drawn  between  them.    The  affinity  to  the  fsXiO^ 
of  the  eastern  shores  is  great,  but  almost  entirely  limited  to 
the  genera  composing    the  fauna  of  the   British  distnct- 
British  genera  not  found  on  the  American   coasts  aie  — 
Galeus,  Scyllium,   Chimasra,  Mulltis,  Fagelliis,  Trigla,  T^' 
chirms,  Zeus,  Callionymus.    The  southern  elements  of  Noitb 
America  are  rather  derived  from  the  West  Inidies,  and  hav^ 
no  special  affinity  to  Mediterranean  forms ;  very  few  of  th^ 
non-British  Mediterranean  forms  extend  across  the  Adaii' 
tic;   instead  of  a  Mediterranean  we  find  a  West  Indian 
element.   Many  of  the  British  species  range  across  the  Atlantic, 
and  inhabit  in  an  unchanged  condition  the  northern  paits  o< 
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is  district ;  and  from  the  frequent  occurrence  of  isolated 
ecimens  of  other  British  species  on  the  North  American 
ast^  we  may  presume  that  many  more  occasionally  cross  the 
^tiCy  but  without  being  able  to  obtain  a  permanent 


The  genera  peculiar  to  this  district  are  few  in  number, 
id  composed  of  very  few  species,  viz.  Hemitriptertis,  Pam- 
das,  Chasmodes,  Cryptacanthodes,  and  TatUoga, 

The  close  resemblance  of  what  must  be  considered 
)iihem  forms  to  those  of  Europe  will  be  evident  from  the 
Mowing  list : — 

Mustelus,  Shina,  Torpedo,  Raja,  Trygon, 

Labrax,  Centropristis,  Serranus;  Pagrus,  Chrysophrys ; 
•Awtw,  HemUripterus ;  Cottus,  Aspidophoroides ;  Urancmch 
^;  Micropogon,  Pogonias,  Sctcma;  Trachwnis,  Pammelas; 
^ftdopterus,  Liparis ;  Zophius ;  Anarrhichas,  Chasmodes, 
Sidenw,  CerUronotus,  CryptacarUhodes,  Zoarces, 

Tauioga,  CUnolabrus, 

Oodus,  Merluccvus,  Phycis,  Molva,  Motdla,  Brosmius ; 
^ydium  (one  species,  perhaps  identical  with  a  Mediterranean 
S^es) ;  Ammodytes  ;  Hippoglossvs,  Hippoglossoides,  Rluymhis, 

Omerus,  Mallotiis ;  Engraviis,  Clupea  ;  Conger. 

^y^naihus — Myxine — Branchiostoma, 

^est  Indian  genera,  or  at  least  genera  which  are  more 
^^oped  within  the  tropics,  and  which  extend  more  or  less 
J^orthwards  in  the  North  American  district,  are : — 

Pi^roplatea  (also  in  the  Mediterranean). 

Oerres,  DuUs  (auriga),  Lohotes,  Ephippus  ;  Sargus  ;  Priono- 
^f  Umbrifu^  Otolithus,  Larimus ;  Sphyroina  (Mediterr.)  ; 
^Wfiiittn«  (Mediterr.);  Elacate;  Cyhium,  Trachytiotus;  Stro- 
■wfew  (Mediterr.) ;  Caranx  ;  Batrachus  (Mediterr.) ;  Malthe. 

htudorhcmJms,  Solea  (Mediterr.) 

Saunis  (Mediterr.) ;  Etrumeus,  Albtda,  Elops,  Megalops. 
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Hippocampus  (Mediterr.) 
Batistes,  Monacanthtts. 

B.  Shore  Fishes  of  the  Temperate  North  Tadjik, 

This  fauna  shows  a  great  affinity  to  that  of  the  temperate 
North  Atlantic,  not  only  in  including  a  considerable  proportion 
of  identical  genera,  and  even  of  species,  but  also  in  having  its 
constituent  parts  similarly  distributed  However,  our  know- 
ledge of  the  ichthyology  of  this  fauna  is  by  no  means  com- 
plete. Very  few  collections  have  been  made  in  Northern 
Japan,  and  on  the  coasts  farther  north  of  it ;  and,  again,  the 
ichthyology  of  the  coasts  of  Southern  California  is  but  little 
known.  Southern  Japan  has  been  well  searched,  but  very 
little  attention  has  been  paid  to  the  extent  of  the  northwari 
range  of  the  species.  In  collections  made  by  Mr.  Swinhoeat 
Chefoo,  in  lat.  37**  N.,  the  proportions  of  temperate  and  tropical 
fishes  were  found  to  be  about  equal  Thus,  the  details  of  ito 
distribution  of  the  fishes  of  these  shores  have  still  to  he 
worked  out ;  nevertheless,  three  divisions  may  be  recognised 
which,  for  the  present,  may  be  defined  as  follows : — 

1.  The  fishes  of  the  north-western  shores,  to  about  3/ 
lat.  N.,  including  the  corresponding  northern  parts  of  Japan— 
Kamtschaikan  district ;  this  corresponds  to  the  British  distnt* 
of  the  Atlantic. 

2.  The  fishes  of  Southern  Japan  and  the  corresponding 
shores  of  the  continent  of  Asia,  between  37®  and  30*  1*^ 
N. — Japanese  district,  which  corresponds  to  the  Medite^ 
ranean. 

3.  The  fishes  of  the  eastern  shores  southwards  to  the  Wi' 
tude  of  San  Francisco — Calif omian  district ;  this  corresponds 
to  the  North  American  district  of  the  Atlantic. 

Too  little  is  known  of  the  shore  fishes  of  the  coasts  between 
San  Francisco  and  the  tropic  to  enable  us  to  treat  of  it  as  a 
separate  division. 
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The  Shore  fishes  of  the  North  Pacific  generally  are  com- 
►sed  of  the  following  elements : — 

a.  Arctic  fonns  which  extend  into  the  Arctic  Ocean,  and 
e  majority  of  which  are  also  found  in  the  British  district. 

h.  Peculiar  forms  limited  to  the  North  Pacific,  like  the 
^eUrolepidina,  Emhiotoddoe,  and  certain  Cottoid  and  Blen- 
Loid  genera. 

c.  Forms  identical  with  fishes  of  the  Mediterranean. 

rf.  Peculiar  forms  limited  to  the  southern  parts  of  Japan. 

e.  Tropical  forms  which  have  entered  the  North  Pacific 
rom  the  south. 

L  The  small  list  of  fishes  which  we  can  assign  to  the 
^imiicJuUkan  district  is  due  rather  to  the  imperfect  manner 
A  which  its  fauna  has  been  explored  than  to  its  actual 
poverty  of  fishes ;  thus,  although  we  may  be  sure  that  sooner 
or  later  the  small  kinds  of  Dog-fishes  of  the  British  district 
will  be  found  there  also,  at  present  we  have  positive  know- 
ledge of  the  occurrence  of  only  two  Chondropterygians,  viz. 
Ckmara  and  Raja,  The  species  of  the  latter  genus  seem  to 
^  much  less  numerous  than  in  the  Atlantic. 

Of  Acanthopterygians  the  following  are  known : — Sehastes  ; 
^^^^xru,  Agrammns  ;  Podabrus,  BlepsiaSy  Cottus,  CerUridermich' 
^%HemilqndottLSy Agonies;  Trichodon;  Callionymvs;  Liparis; 
^ymma,  Slichceus,  Centronotus, 

Labroids  are  absent ;  they  are  clearly  a  type  unable  to 
^we  great  cold ;  of  the  Embiotocoids  which  represent  them 
^  the  Pacific,  one  species  only  (a  species  of  Ditremd)  is  known 
^  this  district. 

The  Gadoids  are,  so  far  as  we  know  at  present,  sparsely 
^"spreaented,  viz.  by  isolated  species  of  Gadus,  Motdla,  and 
J^Mla,  the  latter  being  an  inhabitant  of  moderate  depths 
^*ther  than  of  the  surface.  Hippoglosms,  Fleuronectes,  and 
f^Topkrys^  seem  to  occur  everywhere  at  suitable  localities. 
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The  Physostomes  are  nearly  the  same  as  in  the  Britisli 
district,  viz.  a  Smelt  (Hypomema),  probably  also  the  Arctic 
McdlottLs,  an  Anchovy,  several  species  of  Clupea,  and  the 
Conger-eeL  A  very  singular  Salmonoid  &h,  Salanx,  which 
is  limited  to  the  north-western  Pacific,  occurs  in  great  abund- 
ance. 

Also,  the  Lophobranchs  correspond  in  their  development 
to  those  of  the  British  district,  Nerophis  being*  replaced  by 
Urocampus. 

Neither  Myxinoids  nor  Branchiostoma  have  as  yet  been 
found. 

2.  The  Japanese  district  is,  like  the  Mediterranean,  dis- 
tinguished by  a  great  variety  of  forms  ;  some  of  them  aw 
peculiar  to  it  (marked  J.  in  the  following  list) ;  otheis  occur 
in  the  Mediterranean,  though  also  in  other  districts  (M) 
The  resemblance  to  the  Mediterranean  is  even  greater  tiian 
would  appear  from  the  following  list  of  genera,  inasmuch  i8 
a  considerable  number  of  species  are  identical  in  both  dis- 
tricts. Three  of  the  Berycoid  genera  have  hitherto  been 
found  in  the  Japanese  and  Mediterranean  districts  only,  and 
nowhere  else.  Another  very  singular  fact  is  that  some  of 
the  most  characteristic  genera,  like  Mvllus,  Zeus,  Galliot 
muSy  CerUriscus,  inhabit  the  Mediterranean  and  Japanese 
districts,  but  have  never  reached  the  opposite  American  ccadfi 
either  in  the  Atlantic  or  Pacific;  although,  at  least  in  the 
latter,  the  oceanic  currents  would  rather  favour  than  ob- 
struct their  dispersal  in  the  direction  towards  America.  Bold 
as  the  hypothesis  may  appear,  we  can  only  accotmt  for  the 
singular  distribution  of  these  shore  fishes  by  assuming  that 
the  Mediterranean  and  Japanese  seas  were  in  direct  and 
open  communication  with  each  other  within  the  period  of 
the  existence  of  the  present  Teleosteous  Fauna. 

Gadoids  have  disappeared,  or  are  represented  by  fonns 
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labiting  moderate  depths.    Neither  Myxine  nor  Branchio- 
ma  are  known  to  have  as  yet  been  found. 

List  of  Japanese  Shore  Fishes. 

Chinuera  (M.) 

OcUeus  (M.),  Mnstdus  (M.),  Triads,  Scyllium  (M.),  Cros- 
"Unus,  Pristiophorus,  Cestracian ;  Bhina  (M.) ;  Rhindbatus 
L),  NardrUy  Raja  (M.),  Trygon  (M.),  Pteroplatea  (M.) 

Perealabrax  (J.),  Niphon  (J.),  CerUropridis,  Anthias  (M.), 
rranu^  (M.),  Apogon  (M.),  Scombrops  (J.),  Acropoma,  Ano- 
w  (J.),  Pristipoma  (M.),  Hapalogenys  (J.),  ffistiopterus, 
difer  (J.),  Dentex  (M.),  Biythrichthys — MuUidcs  (M.) — 
indii,  Pagrus  (M.),  Chrysophrys  (M.) — Chilodactylus  — 
&Mto  (M.),  Scorpama  (M.),  Aploadis,  Trichopleura,  Pelor — 
'bnocm^m  (J.),  Hoplostethus  (M.),  5eryaj  (M.),  Pdymiada  (M.) 
'PlaiycephaluSy  ffoplichthys  (J.),  Bembras  (J.),  Prionotus, 
^pidotrigla  (M.),  Trigla  (M.),  PeristethvjS  (M.) — Uranoscopus 
it),  Perog,  SUlago,  LatUtbs.  —  Sciccna  (M.),  Otolithus  — 
i*yr(wia  (M.) — Zqndapus  (M.),  Trichiurus  (M.) — -2fei«  (M.) 
-Carana:,  Trachurus  (M.) — Callionymvs  (M.) — Lophius  (M.), 
ffaJwwttoja  (J.) — EoplognathiAS — Cepola  (M.) — Centriscus  (M.), 
Krfufana. 

SdiasUs  (M.) — Labrichthys.DtiymcBria,  Platyglossus,  Nova- 
^  (M.),  /w/«  (M.).  Com  (M.) 

'StrmJo  (J.) — Mbtella  (M.) — Ateleopus  (J.) 

fftudorhombus,    Pleuronectes    (M.),   5iofea    (M.),   Synap- 

Sittnw  (M.),  Harpodon, — Salanx  (J.) — Engraulis  (M.), 
^j»a  (M.),  Eirumeus — Conger  (M.),  Congromurccna  (M.), 
wwnegojc  (M.),  Oxyconger,  Myrus  (M.),  Ophichthys  (M.), 
*»ana(M.) 

i^fn^no^t^g  (M.),  Hippocampus  (M.),  Solenognathus, 

TriacafUhtis,  Monacanthiis,  Ostracion* 
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3.  The  Californian  district  includes  a  marked  northern 
element,  the  principal  constituents  of  which  are  identical  with 
types  occurring  in  the  corresponding  district  of  the  Atlantic, 
viz.  the  North  American,  as  exemplified  by  Discoboli,  Anm- 
hichas,  Centronoius,  Cottus,  HippoglossuSy  Clupea  {harengui\^ 
But  it  possesses  also,  in  the  greatest  degree  of  development, 
some  t)T)es  almost  peculiar  to  itself,  as  the  Heterolepiim, 
some  remarkable  Cottoid  and  Blennioid  genera,  and  more 
especially  the  Embiotocoids — viviparous  Pharyngognaths— 
which  replace  the  Labroids  of  the  other  hemisphere.  Gadoids 
are  much  less  numerous  than  in  the  North  American  distrid 
The  southern  forms  are  but  little  known,  but  it  may  be  anti- 
cipated that,  owing  to  the  partial  identity  of  the  Famue  of  tie 
two  coasts  of  the  Isthmus  of  Panama,  a  fair  proportion  of 
West  Indian  forms  will  be  found  to  have  entered  this  distiict 
from  the  south.     The  following  are  the  principal  genera:— 

Chivia^ra,  Oaleus,  Mvstclus,  Triads,  Cestracion,  Bhina,  Btgi> 

Serranus ;  Chirtis,  Ophiodan,  Zaniolcpis  ;  Sebastes;  ifiw- 
tichthys,  Scorpamichthys,  Cottus,  CeTUridermidithys,  ffemikfi" 
dotiis,  ArtediuSy  Prionotus,  Agomis;  Cycloptenis,  Lipafiti 
Anarrhiclias,  NeodimiSy  Cebidichthys,  Stichceus,  Centronotu, 
Apodidithys  ;  Psychrolutes  ;  Auliscops, 

Emhiotocid(€, 

Gadus.  Hippogloss^iSy  Psettickthys,  CUIiarichthys,  Pc^^ 
lichfhys,  Pleuronectcs,  Parophrys. 

Osmerus,  Thahichihys,  Hypomesus  ;  Engravlis,  Clupea^ 

Syngnathus, 

III. — The  Equatorial  Zone. 

As  we  approach  the  Tropic  from  the  north,  the  tribes 
characteristic  of  the  Arctic  and  Temperate  zones  become 
scarcer,  and  disappear  altogether :  to  be  replaced  by  tte 
greater  variety  of  Tropical  types.  Of  Chondropterygians,  the 
ChinuBridw,  Spinaddcc,  MmteivSy  and  Raja,  do  not  pass  the 
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Dpic,  or  appear  in  single  species  only ;  and  of  Teleosteans, 
J  BtrycidcR,  Pagrus,  the  ffeterolepidina,  Cottvs  and  allied 
oeia,  Zophitts,  Anarrhichas,  ^ichceus,  Lepadogaster,  Psy- 
rdutes,  Ce7Urt8cus,I/'otacanth'U8,the  Labridce  and  Emhiotocidoe, 
e  Lyeodtdce,  Gadidce,  and  marine  Salmonidce  disappear 
:Iier  entirely,  or  retire  from  the  shores  and  surface  into  the 
tptihs  of  the  ocean. 

With  r^ard  to  variety  of  forms,  as  well  as  to  number 
'  individuals,  this  zone  far  surpasses  either  of  the  tem- 
siate  zones ;  in  this  respect,  the  life  in  the  sea  is  as  that 
i  the  land.  Coast  fishes  are  not  confined  to  the  actual 
)i8t-line,  but  abound  on  the  coral  reefs,  with  which  some 
MtB  of  the  Atlantic  and  Pacific  are  studded,  and  many  of 
liich  are  submerged  below  the  water.  The  abundance  of 
nimal  and  vegetable  life  which  flourishes  on  them  rendei-s 
ban  the  favourite  pasture-grounds  for  the  endless  variety  of 
wal-fishes  (Sqtiamipinnes,  Acronuridce,  PomaccntridcCy  Jviidce, 
^^kdognathi,  etc.),  and  for  the  larger  predatory  kinds.  The 
^Amrs  and  grotesque  forms  of  the  Fishes  of  the  Tropics  have 
'tttly  excited  the  admiration  of  the  earliest  observers.  Scarlet, 
>lack,  blue,  pink,  red,  yellow,  etc.,  are  arranged  in  patterns 
rf  the  most  bizarre  fashion,  mingling  in  spots,  lines,  bands ; 
^  reminding  us  of  the  words  of  Captain  Cook  when  de- 
scribing the  coral-reefs  of  Palmerston  Island  :  "  The  glowing 
appearance  of  the  Mollusks  was  still  inferior  to  that  of  the 
tiiultitude  of  fishes  that  glided  gently  along,  seemingly  with 
4e  most  perfect  security.  The  colours  of  the  different  sorts 
^erethe  most  beautiful  that  can  be  imagined — the  yellow, 
blue,  red,  black,  etc.,  far  exceeding  anything  that  art  can 
P^nce.  Their  various  forms,  also,  contributed  to  incrAse 
fte  richness  of  this  sub-marine  grotto,  which  could  not  be 
*^eyed  without  a  pleasing  transport." 

Of  Chondropterygians  the  Scylliidce,  Pristis  (Saw-fishes), 
^lidbatidos,  and   Trygonidce  attain    to    the    greatest  *de- 
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velopment.  Of  Acanthopterygians  Centrapristis,  Serranus, 
Plectropoma,  Mesoprwn,  PriacanthtLS,  Apogan,  Pristipanut, 
JScemtUon,  Diagramma,  Oerres,  Scolopsis,  Synagris,  Ccesio, 
MuHicUe,  Zethrinus,  Squamipinnes,  Cirrhiies,  some  genera 
of  ScorpcenidoR,  PlcUycephaliis,  Scioenidxe,  Sphyrcena,  Caranx 
^qutUa,  Ccdlionymus,  TeiUhis,  Acanthurtis,  NaseuSy  are  re- 
presented by  numerous  species ;  and  the  majority  of  these 
genera  and  families  are  limited  to  this  zone.  Of  Phaiyn- 
gognaths  the  PamacerUridce,  Jididina,  and  Scarina,  are  met 
with  near  every  coral  formation  in  a  living  condition. 
Of  Gadoids,  a  singular  minute  form,  Bregmaceros^  is  almost 
the  only  representative,  the  other  forms  belonging  to  deep 
water,  and  rarely  ascending  to  the  surface.  Flat-fishes  (Pleura- 
Tiectidcc)  are  common  on  sandy  coasts,  and  the  majority  of 
the  genera  are  peculiar  to  the  Tropics.  Of  Physostomi  only 
the  Saurina,  Clupeidce,  and  Murccnidod  are  represented,  the 
Clupeid/je  being  exceedingly  numerous  in  individuals,  whilst 
the  Murcenidce  live  moi'e  isolated,  but  show  a  still  greater 
variety  of  species.  Lophobranchii  and  Sclerodermi  are  gene- 
rally distributed.  Branchiostoma  has  been  found  on  several 
coasts. 

Geographically  it  is  convenient  to  describe  the  Coast  fieiuna 
of  the  tropical  Atlantic  separately  from  that  of  the  Indo- 
Pacific  ocean.  The  differences  between  them,  however,  are 
far  less  numerous  and  important  than  between  the  freshwater 
or  terrestrial  faunae  of  continental  regions.  The  majority  of 
the  principal  types  are  found  in  both,  many  of  the  species  being 
even  identical ;  but  the  species  are  far  more  abundfiuit  in  the 
Indo-Pacific  than  in  the  Atlantic,  owing  to  the  greater  extent 
of  the  archipelagoes  in  the  former.  But  for  the  broken  and 
varied  character  of  the  coasts  of  the  West  Indies,  the  shores 
of  the  tropical  Atlantic  would,  by  their  general  uniformity, 
afford  but  a  limited  variety  of  conditions  to  the  development 
of  specific  and  generic  forms,  whilst  the  deep  inlets  of  the 
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Indian  ocean,  with  the  varying  configuration  of  their  coasts, 
and  the  different  nature  of  their  bottom,  its  long  peninsulas, 
and  its  archipelagoes,  and  the  scattered  islands  of  the  tropical 
Pacific,  render  this  part  of  the  globe  the  most  perfect  for  the 
development  of  fish-life.  The  fishes  of  the  Indian  and  Pacific 
oceans  (between  the  Tropics)  are  almost  identical,  and  the 
number  of  species  ranging  from  the  Bed  Sea  and  east  coast 
of  Africa  to  Polynesia,  even  to  its  westernmost  islands, 
is  very  great  indeed.  However,  this  Indo-Pacific  fauna  does 
not  reach  the  Pacific  coast  of  South  America.  The  wide 
space  devoid  of  islands,  east  of  the  Sandwich  Islands  and 
the  Marquesas  group,  together  with  the  current  of  cold  water 
which  sweeps  northwards  along  the  South  American  coast, 
has  proved  to  be  a  very  effectual  barrier  to  the  eastward  exten- 
sion of  the  Indo-Pacific  fauna  of  coast  fishes ;  and,  conse- 
quently, we  find  an  assemblage  of  fishes  on  the  American 
coast  and  at  the  Galapagoes  Islands,  sufficiently  distinct  to 
constitute  a  distinct  zoological  division. 

The  following  list,  which    contains  only  the  principal 
genera  and  groups  of  coast  fishes,  will  give  an  idea  of  the 


Scylliid^    . 
Fristis 

Trop.-Atl. 

3 

if . 

Indo-Pac 
13 
4 

Bhinobaiidct 

4 

8 

Torpedinidct 
Trygonida  . 
Etdis 

1 

14 

1 

8 
24 

1 

Aprton 
Apsilus 
Cenirapristis 
Anihias 

1 

15 

4 

1 
5 

Serranus    . 

30 

85 

Pkidrqpama 

11 

5 

^  The  genera  peculiar  to  the  Equatorial  cone  are  printed  in  italics. 
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Tropu-AtL 

Indo-Pac 

Orammistes 

— 

2 

RhypHcu8  . 

3 

— 

Dvploprion  . 

1 

Myriodan   . 

•^ 

1 

Mesoprhn  . 

15 

50 

FriacarUhtis 

4 

12 

Apogan  and  ChUodipterus 

2 

75 

Fristipama . 

12 

14 

Hctmtdan  . 

15 

Diagramma 

30 

Oerres 

12 

16 

Scdopsis     . 

— 

20 

Dentex  and  Symphorus 

7 

Synagrts  and  Pentapus 

24 

CcBsio 

12 

Mullid» 

5 

22 

Sargus 

7 

2 

Leihrinus   . 

1 

18 

Chrysophrys 

1 

7 

Pimdepierus 

1 

5 

Squamipinnes 

• 

13 

110 

Toxotes 

,             — 

2 

Cirrhites     . 

20 

Scorpsenidsd 

2 

65 

Myripristis 

3 

15 

Hdocentrum 

6 

25 

Plaiycephalus 

25 

Prionotus  . 

1 

— 

Trigla 

— 

4 

Peristetlius 

2 

6 

Uranoscopina 

2 

8 

Champsodon 

1 

Percis 

10 

Silhgo 

— 

6 

Latilus 

1 

2 

Opisthognathus 

2 

5 

Pseudochramis 

-^ 

8 

Cichlops  and  Pseudo 

plesiops 

— 

2 
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Scumida    . 

Trop.  Aa 
44 

Ind-Fttc 
43 

Sphyrcma   . 
Trichiurida 

1 
6 

10 
6 

Caranx 

20 

60 

Charinemus 

4 

7 

Trachynotus 
Pseiius 

6 

1 

4 
2 

Plaiax 

— 

7 

Zandus 

1 

Egwda  and  Oasaa  . 
Teuihis       . 

20 
30 

Acanihurus 

3 

42 

Naseus 

.^ 

12 

Kuriida 

1 

6 

Gobiodon 

— 

7 

Callionymus 
Batrachida 

5 

17 

4 

Teirabrachium 

1 

Malthe 

1 

-^ 

Petroscirtes 

30 

Clinus 

6 

Dactyloscopus 
MaJacarUhns 

1 
1 

2 

Cepola 
6obie8ocid» 

5 

1 
1 

Amphisile  . 
Fistulariida 

3 

3 
3 

Pomacentrida 

17 

120 

LachnokBTnus 

1 

Julidina 

36 

190 

Pseudodax 

1 

Searina 

21 

66 

Pseudophycis 
Bregmaceros 
Ophidiid^  . 
Fierasfer    . 
Plenronectidfle 

3 
21 

1 
1 
7 
6 
66 

&iiirtfia 

5 

9 
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Tn>p.-AtL 

Ind.-Pac 

33 

84 



1 

47 

130 

3 

— 

2 

7 

41 

16 

67 

23 

40 

Clapeidffi  . 

Chirocenirus 

Muroenida 

Pegasus 

Solenosioma 

SyngnatUdiB 

Sderodermi 

Gymnodontes 


A.  Shore  Fishes  of  the  TropiccU  Atlantic, 

The  boundaries  of  the  tropical  Atlantic  extend  zoologi- 
caUy  a  few  degrees  beyond  the  Northern  and  Southern 
Tropics,  but  as  the  mixture  with  the  tjrpes  of  the  temperate 
zone  is  very  gradual,  no  distinct  boundary  line  can  be  drawn 
between  the  tropical  and  temperate  faunae. 

Types,  almost  exclusively  limited  to  it,  and  not  found  in 
the  Indo-Pacific,  are  few  in  nnmiber,  as  OerUrapristis,  Bhyjh 
ticus,  HoBmulon,  Malthe.  A  few  others  preponderate  with 
regard  to  the  number  of  species,  as  Flectropoma,  Sargus, 
Tractiyiwttis,  BcUrachidce,  and  Gobiesoddcs.  The  Scisenoids  are 
equally  represented  in  both  oceans.  All  the  remainder  are 
found  in  both;  but  in  the  minority  in  the  Atlantic,  where  they 
are  sometimes  represented  by  one  or  two  species  only  (for 
instance,  Lethrinus), 

B.  Shore  Fishes  of  the  Tropical  Indo-Padfic  Ocean, 

The  ichthyological  boimdaries  of  this  part  of  the  tropic 
zone  may  be  approximately  given  as  30®  of  lat.  N.  and  S.  ^ 
on  the  Australian  coasts  it  should  probably  be  placed  stilK 
farther  south,  viz.,  to  34°;  it  includes,  as  mentioned  abov^^ 
the  Sandwich  Islands,  and  all  the  islands  of  the  South  Sea., 
but  not  the  American  coasts. 

Some  eighty  genera  of  Shore  fishes  are  peculiar  to  the 
Indo-Pacific,  but  the  majority  consists  of  one  or  a  few  species 
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only;  comparatively  few  have  a  plurality  of  species,  as 
T^-i^igramma,  Lethrinus,  JEquula,  Teuthis,  Amphiprion,  Das- 
cyiiuSy  Cfioerops,  ChUinus,  Anampses,  Stethqjulis,  Coris,  Coilia. 
The  Sea-perches,  large  and  small,  which  feed  on  Crusta- 
ceans and  other  small  fishes,  and  the  coral-feeding  Pharyn- 
gognaths  are  the  types  which  show  the  greatest  generic  and 
specific  variety  in  the  Indo- Pacific.  Then  follow  the 
Squamipinnes  and  Murcenddcs,  the  Clupeidce  and  Carangidce 
families  in  which  the  variety  is  more  that  of  species  than  of 
genus.  The  Scorpwnidce,  Pleuronectidcc,  AcronuridWy  Scicenidoe, 
^yngnathidce,  and  Teuthyes,  are  those  wliicli  contribute  the 
^©xt  largest  contingenta  Of  shore-loving  Chondropterygians 
^^e  ScylliidfE  and  Trygonidoc  only  are  represented  in  moderate 
'^umbers,  though  they  are  more  numerous  in  this  ocean  than 

• 

in  any  other. 

C.  Shore  Fishes  of  the  Pacific  Coasts  of  Tropical  America, 

-As  boundaries  within  wliich  this  fauna  is  comprised,  may 

^    indicated  30**  lat.  N.  and   S.,   as  in   the   Indo -Pacific. 

^    distinction   from  the   Indo-Pacific    lies    in   the   almost 

^^tire  absence  of  coral-feeding  fishes.     There  are  scarcely  any 

"^Uamipinnes,    Pharyngognaths    or    Acronuridse,    and    the 

^Uthyes  are  entirely  absent.     Tlie  genera  that  remain  are 

^^^k  as   are   found  in  the  tropical  zone  generally,  but  the 

l^^cies  are  entirely  different  from  those  of  the  Indo-Pacific. 

^  *Xey  are  mixed  with  a  sprinkling  of  peculiar  genera,  consist- 

^g  of  one  or  two  species,  like  Discopyge,  Hoplopagrus,  Doy- 

''^■i^orfon,  but  they  are  too  few  in  number  to  give  a  strikingly 

t^^uliar  character  to  this  fauna. 

Three  districts  are  distinguishable : — 
a.  The  Central  American  district,  in  which  we  include,  for 
^^e  present,  Lower  California,  shows  so  near  an  affinity  to  the 
ttopical  Atlantic  that,  if  it  were  not  separated  from  it  by  the 


280  FI8HS8. 

neck  of  land  uniting  the  two  American  Continents,  it  would 
most  assuredly  be  regarded  as  a  portion  of  the  Fauna  of  the 
tropical  Atlantic.  With  scarcely  any  exceptions  the  genera 
are  identical,  and  of  the  species  found  on  the  Pacific  side 
nearly  one-half  have  proved  to  be  the  same  as  those  of  the 
Atlantic.  The  explanation  of  this  fact  has  been  found  in 
the  existence  of  communications  between  the  two  oceans  by 
channels  and  straits  which  must  have  been  open  till  within 
a  recent  period.  The  isthmus  of  Central  America  was  then 
partially  submerged,  and  appeared  as  a  chain  of  islands  simi- 
lar to  that  of  the  Antilles  ;  but  as  the  reef-building  corals 
flourished  chiefly  north  and  east  of  those  islands,  and  were 
absent  south  and  west  of  them,  reef-fishes  were  excluded  from 
the  Pacific  shores  when  the  communications  were  destroyed 
by  the  upheaval  of  the  land. 

6.  The  Galapagoes  disti^t  received  its  coast  fauna  princi- 
pally from  the  Central  American  district,  a  part  of  the  species 
being  absolutely  the  same  as  on  the  coast  of  the  Isthmus  of 
Panama,  or  as  in  the  West  Indies.    Yet  the  isolation  of  this 
group  has  continued  a  sufficiently  long  period  to  allow  of  the 
development  of  a  number  of  distinct  species  of  either  pecu- 
liarly Atlantic    genera    (such    as    Centropristis,   Bhypticus, 
Gobiesox,  Prionotus)^  or  at  least  tropical  genera   (such  as 
Chrysophrys,  PrisHpoma,  Holacanthus,  Caranx,  JBalistes),    A 
few  other  types  from  the  Peruvian  coast  {Doydixodon),  or 
even  from  Japan  (Prumwrus),  have  established  themselves  in 
this  group  of  islands.     A  species  of  Cestracwn  has  also  reached 
the  Galapagoes,  but  whether  from  the  south,  north,  or  west, 
cannot  be  determined. 

The  presence  of  the  Atlantic  fauna  on  the  Pacific  side  is 
felt  still  farther  west  than  the  Galapagoes,  some  Atlantic 
species  having  reached  the  Sandwich  Islands,  as  Chasiodon 
humeralis  and  Blennius  brevipinnis. 

c  The  Peruvian  district  possesses  a  very  limited  variety 
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of  shore  fishes,  which  belong,  with  few  exceptions,  like 
J^^i^copyge^  JEToplognaihus,  Dot/dixodon,  to  genera  distributed 
tihxoughout  the  tropical  zone,  or  even  beyond  it.  But  the 
species-,  so  far  as  they  are  known  at  present,  are  distinct  from 
tbose  of  the  Indo-Pacific,  as  well  as  of  the  tropical  Atlantic  ; 
and  thereforo  this  district  cannot  be  joined  either  to  the 
Central  American  or  the  Galapagoes. 

rv. — The  Southern  Temperate  Zone. 

This  zone  includes  the  coasts  of  the  southern  extremity 
of  Africa,  from  about  30°  lat.  S.,  of  the  south  of  Australia 
"^^ith  Tasmania,  of  New  Zealand,  and  the  Pacific  and  Atlantic 
co€ists  of  South  America  between  30°  and  50°  lat.  S. 

The  most  striking  character  of  this  fauna  is  the  reappear- 
^xice  of  types  inhabiting  the  corresponding  latitudes  of  the 
^^orthem  Hemisphere,  and  not  found  in  the  intervening  tropi- 
^^^1  zone.  This  interruption  of  the  continuity  in  the  geo- 
K^^phical  distribution  of  Shore-fishes  is  exemplified  by  species 
'Well  as  genera,  for  instance — Chimcera  monstrosa,  Galetis 
w,  Acanthias  vulgaris,  Acanthias  blainvUlii,  JRhina  squatina, 
faber,  Lophiua  piscatoritcs,  Centriscus  scolopax,  Engraulis 
^  ^^'<^a8icholus,  Clupea  sprcUtits,  Conger  vulgaris.  Instances  of 
are  still  more  numerous — Cestracion,  Spinax,  Pristio- 
',  Raja;  Callanthias,  Poh/prion,  Sistioptervs,  Cantharus, 
Girella,  Pa^gelltis,  Chilodactylus,  SebasteSf  Aploactis, 
v^otww,  Lqndop^is,  Cyttus,  PsychroliUidce,  Notacanthus ; 
,  Merluccitis,  Lotella,  Phyds,  Motella ;  Aulopvs ;  Tiro- 
'^^pus,  Solejiognaihus  ;  Myxine, 

Naturally,  where  the  coasts  of  the  tropical  zone  are  con- 

^^xious  with  those  of  the  temperate,  a  number  of  tropical 

S^iiera  enter  the  latter,  and  genera  which  we  have  found 

^tweenthe  tropics  as  well  as  in  the  temperate  zone  of  the 

Northern  Hemisphere,  extend  in  a  similar  manner  towards  the 
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south.  But  the  truly  tropical  forms  are  absent ;  there  are  uo 
Squamvpinnes,  scarcely  any  Mullidcg,  no  Acronuri,  no  TetUhyes, 
no  Fomacentridoe  (with  a  single  exception  on  the  coast  of 
Chili),  only  one  genus  of  JtUidina,  no  Scarina,  which  are  re- 
placed by  another  group  of  Phar3mgognaths,  the  Odacina, 
The  Lahrina,  so  characteristic  of  the  temperate  zone  of  the 
Northern  Hemisphere,  reappear  in  a  distinct  genus  {Malaco- 
pterus)  on  the  coast  of  Juan  Fernandez. 

The  family  of  Berycidce,  equally  interesting  with  regard  to 
their  distribution  in  time  and  in  space,  consists  of  temperate 
and  tropical  genera.  The  genus  by  which  this  family  is 
represented  in  the  southern  temperate  zone  (TrcuJiichthys)  is 
much  more  nearly  allied  to  the  northern  than  to  the  tropical 
genera. 

The  true  Cottina  and  Heterolepidina  (forms  with  a  bony 
stay  of  the  praeoperculum,  which  is  generally  armed)  have  not 
crossed  the  tropical  zone ;  they  are  replaced  by  fishes  ex- 
tremely similar  in  general  form,  and  having  the  same  habits, 
but  lacking  that  osteological  peculiarity.  Their  southern 
analogues  belong*  chiefly  to  the  family  Trachinidce,  and  are 
types  of  genera  peculiar  to  the  Southern  Hemisphere. 

The  Discoboli  of  the  Northern  Hemisphere  have  likewise 
not  penetrated  to  the  south,  where  they  are  represented  by 
Gohiesocidce.  These  two  families  replace  each  other  in  their 
distribution  over  the  globe. 

Nearly  all  the  Pleuronedidce  (but  they  are  not  numerous) 
belong  to  distinct  genera,  some,  however,  being  remarkably 
similar  in  general  form  to  the  northern  Pleuronectes. 

With  Gadoids  Myxinidce  reappear,  one  species  being  ex- 
tremely similar  to  the  European  Myxine.  Bddlostoma  is  a 
genus  peculiar  to  the  southern  temperate  zone. 

As  in  the  northern  temperate  zone,  so  in  the  southern, 
the  number  of  individuals  and  the  variety  of  forms  ia  much 
less  than  between  the  tropics.    This  is  especially  apparent 
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on  oomparing  the  numbeis  of  species  constituting  a  genus. 
In.  this  zone  genera  composed  of  more  than  ten  species  are  the 
exception,  the  majority  having  only  from  one  to  five. 

The  proportion  of  genera  limited  to  this  zone  is  rather 
Iiigh;  they  will  be  indicated  under  the  several  districts, 
^^hich  we  distinguish  on  geographical  rather  than  zoological 
grounds. 

1.  The  Cape  of  Good  Rope  district. 

The  principal  genera  found  in  this  district  are  the  follow- 
ing (those  limited  to  the  entire  zone  being  marked  with  a 
Single  (  )  and  those  peculiar  to  this  district  with  a  double  (  ) 
asterisk) : — 

ChvnujBra,  ^Callorhynchvs,  Galeus,  **Zeptocarcharia3,  ScyU 

>,  Acanthias,  JShinobcUus,  Torpedo,  Nardne,  Astrape,  Raja. 

&rTanu8,Dentex,Pri8tipoma;  CantharuSyBox**Dipterodon, 

f,  Pagrvs,  Pagelltcs,  Chrysophrys;  *  Chilodactyhis ;  Sebastes, 

ms;  Trigla;  Sphyrcena ;  Lepidopus,  Thyrsites;  Zeus; 

^cmx;  Laphius;  Olinvs  (10  species),  Cristiceps ;  ^^Choriso- 


^Hialidesmus,  *Genypteru8y  Motella, 
sSyngTiathus.  — ^BdeUostoma. 

This  list  contains  many  northern  forms,  which  in  conjunc- 
with  the  peculiarly  southern  types  (Callorhynchus,  Chilo- 
^^^^^^ylus,  Agriopus,  Climis,  Genypterus,  Bdellostomd)  leave  no 
^^Ubt  that  this  district  belongs  to  the  southern  temperate 


le,  whilst  the  Freshwater  fishes  of  South  Africa  are  mem- 
^^J^  of  the  tropical  fauna.     Only  a  few  (JRhinobattts,  Nar- 
^^^,  Astrape,  and  Sphyrama)  have  entered  from  the  neigh- 
bouring tropical  coasts.     The  development  of  Sparoids  is 
S^'^ater  than  in  any  of  the  other  districts  of  this  zone,  and 
^^y  be  regarded  as  one  of  its  distinguishing  features. 

2.  The  SoiUh  AtLstralian  district  comprises  the  southern 
^^^^asts  of  Australia  (northwards,  about  to  the  latitude  of 
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Sydney),  Tasmania,  and  New  Zealand.  It  is  the  richest  ii 
the  southern  temperate  zone,  partly  in  consequence  of  t 
considerable  influx  of  tropical  forms  on  the  eastern  coast  o 
Australia,  where  they  penetrate  farther  southwards  thai 
should  have  been  expected  from  merely  geographical  con 
siderations;  partly  in  consequence  of  the  thorough  manne: 
in  which  the  ichthyology  of  New  South  Wales  and  Ne^ 
Zealand  has  been  explored.  On  the  other  hand,  the  westen 
half  of  the  south  coast  of  Australia  is  still  almost  a  tern 
incognita. 

The  shore-fishes  of  New  Zealand  are  not  so  distinct  firon 
those  of  south-eastern  Australia  as  to  deserve  to  be  placec 
in  a  separate  district.  Beside  the  genera  which  enter  this 
zone  from  the  Tropics,  and  which  are  more  numerous  on  th( 
Australian  coast  than  on  that  of  New  Zealand,  and  beside  t 
few  very  local  genera,  the  remainder  are  identical  Many  o 
the  South  Australian  species,  besides,  are  found  also  on  thi 
coasts  of  New  Zealand.  The  principal  points  of  dififerenci 
are  the  extraordinary  development  of  Monacanthus  on  thi 
coast  of  South  Australia,  and  the  apparently  total  absence  ii 
Australia  of  Gadoids,  which  in  the  New  Zealand  Fauna  an 
represented  by  six  genera. 


Shore-fishes  of  the  SatUh  Australian  district. 

South  Australia 
and  Tasmania. 

*Callorhynchu8  (antarcticus)   . 
Galeus  (canis) 
Scyllium 
**ParascyUium 
Crossorhinus 
Cestracion    . 
Mustelus  (antarcticus) 
Acanthias  (vulgaris  and  blainviUii) 
Rhina 
Pristiophorus 


New  Zealand. 

1 
1 
1 


1 
1 
1 
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Sonth  Australia 

New  Zealand. 

^•Trygonorhina  (fasciata) 

1 

Rhinobatus 

1 

Torpedo 

— 

1 

Narcine 

— . 

Baja 

1 

Tiygon  (Urolophus) 

2 

•*Enoplo8US    . 

Anthias  (richardsonii) 

1 

Callanthias 

m^^ 

SerranuB 

X  * 

— . 

Plectropoma 



**Lanioperca  . 

••Arripis 

1 

Histiopteras 

Erythrichthys 

1 

^HaplodactyloB 

2 

Girella 

**TephraBop8  . 

— 

Pagras 

1 

*Scorpi8 

1 

**Atypichthy8 

— — 

**Trachichthy8 

— 

1 

**Chironeinu8 

1 

**Holoxenu8  . 

^__ 

Chilodactylu8 

4 

**Nemadactylu8 

♦♦Latris 

2 

Scorpsena     . 

2 

**Glyptauchen 

— 

Centropogon 

*Agriopu8 

1 

*Aploactis     . 

• 

— 

**Pentaroge    . 

Platycephalus 

5 

— 

Lepidotrigla 

3 

1 

Trigla 

3 

1 

^  Number  of  species 

uncertain. 

SoDth  Aoitnlit  , 


••Anema 
**Cnp&talus  . 
**Kat]ietoBtoma 
••LoptoscopuB 

Percis 
•AphritiB 

SUUgo 
•Boviehthya 
'Nototheiiia 

Sphynena 

LepidopuB 

TrichinruB 

Thyrsites 
••PlatystethuB 

Zeus  (&ber) 

CyttoB 

Trachunia  (tracbarus) 

Cantnx 
*SeriolelU     . 

FempheriB   . 

CallionymuB 

Batrachue 
**BrachionIchthyB 
"•SaccariuB 

Clinus 
"'Lepidoblenn  iuB 

CriBticeps  and  Tiipteiygium 
••PateecuB 
•*Aoanthoclinus 
■•■Diplocrepia  . 
**Crepi<logaBter 
*  Trach  el  och  ismn  s 
**  Neophry  nichtli  y  3 

CentriscuB   . 

NotacanthuB  (Bexspinis) 
••Labrichthys 
••Odar 


SOOTBBBN  TEHPIBATE  ZOME. 


Sooth  Aiutnlia   , 


••Coridodax  . 
"•OliatheropB  , 
"  'SiphoDognath  iib 

Gadus 

Merluccias   . 

Lotella 
••Paeudophycis 

Motella 

Bregmaceroa 
•GenypteruH . 
•'LopLonectes 
••Brachy  pie  lira 

Pseudorhombus 
'•Ammotretis 
**Khoiiibosotea 
"•PelUirhamphuB 

Solea 

AulopuB 

Gonorhynehus  (greyi) 

Eagraulis  (encrosicholuB) 

Clupea 

*  •Chil  obranchuB 

Conger  (vulgaris) 

Oiihicbthys 

Munenichtliys 

CoagromuneDa 

SyngnalhiiB 

IchthyocampuB 

*  "  Nan  n  ocatn  pus 

UrocampuB 

*  •Stigm  atophora 

-Sok- nogn  athn  8 
••PhjUopt^rys: 
^ona^^anthus 
OBtracion  . 
*BdeUoetotna 
BranchioBtoma 
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3.  The  coast-line  of  the  Chilian  district  extends  over  2( 
degrees  of  latitude  only,  and  is  nearly  straight  In  its  nor 
them  and  warmer  parts  it  is  of  a  very  uniform  charactei 
and  exposed  to  high  and  irregular  tides,  and  to  remarkabh 
and  sudden  changes  of  the  levels  of  land  and  water,  whicl 
must  seriously  interfere  with  fishes  living  and  propagating 
near  the  shore.  No  river  of  considerable  size  interrupts 
the  monotony  of  the  physical  conditions,  to  offer  an  addi- 
tional element  in  favour  of  the  development  of  littoral 
animals.  In  the  southern  parts,  where  the  coast  is  lined 
with  archipelagoes,  the  climate  is  too  severe  for  the  majority 
of  fishes.  All  these  conditions  combine  to  render  this  district 
comparatively  poor  as  regards  variety  of  Shore  fishes,  as  will 
be  seen  from  the  following  list : — 

*Callorhynchus  ;  Scyllium,  Acanthias,  Spinas ;  Urolo- 
phus. 

Serranus,  Plectropoma,  Polyprion,  Pristipoma,  Erythrich- 
thys ;  *Haplodactylus ;  *Scorpis  ;  Chilodactylus,  **Mendo- 
soma;  Sebastes,  ♦Agriopus;  Trigla,  Agonus ;  *Aphritis, 
*Eleginus,  Pinguipes,  I^atilus,  Notothenia  (1  sp.)  Umbrina ; 
Thyrsites;  Trachurus,Caranx,*Seriolella;  Porichthys;  **Myx- 
odes,  Clinus ;  Sicyases,  Gobiesox. 

Heliastes ;  **Malacopterus  ;  *Labrichthys. 

Merluccius ;  ♦Genypterus  ;  Pseudorhombus. 

Engraulis,  Clupea ;  OphicHthys,  Munena. 

Syngnathus. — *Bdellostoma. 

Of  these  genera  six  only  are  not  found  in  other  districts 
of  this  zone.  Three  are  peculiar  to  the  Chilian  district; 
Porichthys  and  Agonus  have  penetrated  so  far  southwards 
from  the  Peruvian  and  Californian  districts ;  and  Polyprum 
is  one  of  those  extraordinary  instances  in  which  a  very  speci- 
alised form  occurs  at  almost  opposite  points  of  the  globe, 
without  having  left  a  trace  of  its  previous  existence  in,  or  of 
its  passage  through,  the  intermediate  space. 
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-4.  The  Patagonian  district  is,  with  the  exception  of  the 
.^hbourhood  of  the  mouth  of  the  Bio  de  la  Plata,  ahnost 
:iiowiL  In  that  estusuy  occur  Mustdus  vulgaris,  two  Baja, 
Trygon,  several  Scisenoids,  Paropsis  signata  and  Percophis 
ilianus  (two  fishes  peculiar  to  this  coast),  Prionotus  punc- 
r,  Zcemonema  longifilis  (a  Gadoid),  a  PseudorJwmbtcs,  two 
Soles,  Engraulis  olidus,  a  Syngnathus,  Conger  vulgaris,  and 
OphidUhys  ocdUitus ;  and  if  we  notice  the  occurrence  of  a 
Serranus  and  Caranx,  of  Aphritis  and  Pinguipes,  and  of 
tw-o  or  three  Clupea,  we  shall  have  enumerated  all  that  is 
known  of  this  fauna.  The  fishes  of  the  southern  part,  viz. 
fie  coast  of  Patagonia  proper,  southwards  to  Magelhsen's 
Straits,  are  unknown ;  which  is  the  more  to  be  regretted,  as 
^t  IS  most  probably  the  part  in  which  the  characteristic  types 
of  this  district  are  most  developed. 

V. — Shore  Fishes  of  the  Antarctic  Ocean. 

To  this  fauna  we  refer  the  shore  fishes  of  the  southem- 
n^ost  extremity  of  South  America,  from  50"  lat.  S.,  with 
Terra  del  Fuego  and  the  Falkland  Islands,  and  those  of  Ker- 
guelen's  Land,  with  Prince  Edward's  Island.  No  fishes  are 
faiown  from  the  other  oceanic  islands  of  these  latitudes. 

In  the  Southern  Hemisphere  surface  fishes  do  not  extend 
so  far  towards  the  Pole  as  in  the  Northern ;  none  ai*e  known 
from  beyond  60"  lat.  S.,  and  the  Antarctic  Fauna,  which  is 
^^^ogous  to  the  Arctic  Fauna,  inhabits  coasts  more  than  ten 
d^rees  nearer  to  the  equator.     It  is  very  probable  that  the 
shores  between  60"  and  the  Antarctic  circle  are  inhabited 
"y  fishes  sufficiently  numeroiis  to  supply  part  of  the  means 
^f  subsistence  for  the  large  Seals  which  pass  there  at  least 
^^e  season  of  the  year,  but  hitherto  none  have  been  ob- 
^ed  by  naturalists ;  all  that  the  present  state  of  our  know- 
ledge justifies  us  in  saying  is,  that  the  general  character  of 
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the  Fauna  of  Magelhsen's  Straits  and  Kerguelen's  Land  h 
extremely  similar  to  that  of  Iceland  and  Greenland. 

As  in  the  arctic  Fauna,  Chondropterygians  are  scarce 
and  represented  by  Aeanthias  vulgaris  and  species  of  Saja 
Holocephali  have  not  yet  been  found  so  far  south,  but  CaUor 
hynchus,  which  is  not  uncommon  near  the  northern  boundai] 
of  this  fauna,  will  prove  to  extend  into  it. 

As  to  Acanthopterygians,  Cataphradi  and  Scarpamida 
are  represented  as  in  the  arctic  Fauna,  two  of  the  genen 
{Sebastes  and  Agonvs)  being  identical  The  CaUidUB  are  re 
placed  by  six  genera  of  TrachinidoBy  remarkably  similar  ii 
form  to  arctic  types;  but  Discoboli  and  the  characteristic 
Arctic  Blennioids  are  absent. 

Gadoid  Fishes  reappear,  but  are  less  developed ;  as  usual 
they  are  accompanied  by  Mycine,  The  reappearance  of  so 
specialised  a  genus  as  Lycodes  is  most  remarkable.  Flat- 
fishes are  scarce  as  in  the  North,  and  belong  to  peculiai 
genera. 

Physostomes  are  probably  not  entirely  absent,  but  hithertc 
none  have  been  met  with  so  fSur  south.  Lophobranchs  arc 
scarce,  as  in  the  Arctic  zone ;  however,  it  is  noteworthy  that 
a  peculiar  genus,  with  persistent  embryonic  characters  {Proto- 
campus),  is  rather  common  on  the  shores  of  the  Falkland 
Islands. 

The  following  are  the  genera  known  from  tJiis  zone 
Those  with  a  single  asterisk  (*)  are  known  to  extend  into 
the  Temperate  zone,  but  not  beyond  it ;  those  with  a  double 
asterisk  (♦*)  are  limited  to  the  Antarctic  shores : — 


FAlkland. 

Aeanthias  vulgaris   . 

1 

Raja 

1 

Psammobatis 

1 

Sebastes 

1 

**Zanclorhynchu8 

— 
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*Aphritis 

"Chnniclithys 
'Bovichthya . 
'Notothenia  . 
••Harpagifer  . 

Lycodes 
'•Magna* 

Lotella 

Merlacdns  , 
**Lepidopeetta 
**Th7Baiiopsetta 

Syugnathus 
**Protocampua 

Mjxme 


t\f.  106. — CktauMAlit  rhinoctnaut,  ibont  of  tha  Antarctic  Ocean. 


CHAPTER  XX. 

DISTRIBUTION  OF  PELAGIC  HSHES. 

Pelagic  Fishes, — that  is,  fishes  inhabiting  the  surface  of  mid- 
ocean  (see  p.  255),  belong  to  various  orders,  viz.  Chondrop- 
terygians,  Acanthopterygians,  Physostomes,  Lophobranchs, 
and  Plectognaths.  But  neither  Anacanths  nor  Pharyngog- 
naths  contribute  to  this  series  of  the  Marine  Fauna.  The 
following  genera  and  families  are  included  in  it : — 

Chondropterygu:  Carcharias,  Graleocerdo,  Thalassorhinus, 
Zygsena,  Triaenodon,  Lamnidae,  Tthinodon,  Notidanidse,  Lsemar- 
gus,  Euprotomicrus,  Echinorhinus,  Isistius ;  Myliobatidse. 

AcANTHOPTERYGii  :  Dactyloptcrus,  Micropteryx,  Scorn- 
brina,  Gastrochisma,  Nomeus,  Centrolophus,  Coryphaenina, 
Seriola,  Temnodon,  Naucrates,  Psenes,  Xiphiidse,  Antennarius. 

Physostomi  :  Stemoptychidae,  Scopelus,  Astronesthes, 
Scombresocidae  (majority). 

LoPHOBRANCHii :  Hippocampus. 

Plectognathi  :  Orthagoriscus,and  some  other  Gynmodonts. 

Pelagic  fishes  differ  much  from  one  another  in  their  mode 
of  life.  The  majority  are  excellent  swimmers,  which  not  only 
can  move  with  great  rapidity,  but  also  are  possessed  of  great 
powers  of  endurance,  and  are  thus  enabled  to  continue  their 
course  for  weeks,  apparently  without  the  necessity  of  rest: 
such  are  many  Sharks,  Scombroids,  Dolphins,  Pilot-fish,  Sword- 
fishes.  In  some,  as  in  Dactylopterus  and  Uxocoettis,  the  ability 
of  taking  flying  leaps  out  of  the  water  is  superadded  to  the 
power  of  swimming  (Flying-fishes).    But  in  others  the  power 
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of  swimming  is  greatly  reduced,  as  in  Aniennarius,  Hippo- 
campus^ and  Gymnodonts ;  they  frequent  places  in  the  ocean 
covered  with  floating  seaweed,  or  drift  on  the  surface  without 
resistance,  at  the  mercy  of  wind  and  current.  The  Echeneis  or 
Sucking-fishes  attach  themselves  to  other  large  fish,  ships,  or 
floating  objects,  and  allow  themselves  to  be  carried  about, 
unless  change  of  climate  or  want  of  food  obliges  them  to 
abandon  their  temporary  carrier.  Finally,  another  class  of 
Pelagic  fishes  come  to  the  surface  of  the  ocean  during  the 
night  only ;  in  the  day  time  they  descend  to  some  depth, 
where  they  are  undisturbed  by  the  rays  of  the  sun  or 
the  agitation  of  the  surface-water :  such  are  Brama,  the  Ster- 
nopiychicUe,  Scopdus^  Astronesthes ;  fishes,  the  majority  of 
which  are  provided  with  those  extraordinary  luminary  organs 
that  we  find  so  much  developed  in  the  true  Deep-sea  fishes. 
Indeed,  this  last  kind  of  Pelagic  fishes  forms  a  passage  to  the 
Deep-sea  forms. 

Pelagic  fishes,  like  shore  fishes,  are  most  numerous  in  the 
Tropical  Zone ;  and,  with  few  exceptions  {Echinorhinus,  Psenes, 
Sternjoptychidce,  Astronesthes),  the  same  genera  are  repre- 
sented in  the  tropical  Atlantic  as  well  as  in  the  Indo-Pacific. 
The  number  of  identical  species  occurring  in  both  these 
oceans  is  great,  and  probably  still  greater  than  would  appear 
from  systematic  lists,  in  which  there  are  retained  many  specific 
names  that  were  given  at  a  time  when  species  were  believed 
to  have  a  very  limited  range.  The  Pelagic  fauna  of  the 
tropics  gradually  passes  into  that  of  the  temperate  zones, 
only  a  few  genera,  like  Cybium,  Psenes,  Antennarius,  being 
ahnost  entirely  confined  to  the  tropics.  All  the  other  tropi- 
cal genera  range  into  the  temperate  zones,  but  their  repre- 
sentatives become  scarcer  with  the  increasing  distance  from 
the  equator.  North  of  40**  lat.  N.  many  genera  have  disap- 
peared, or  are  met  with  in  isolated  examples  only,  as  Carcha- 
riaSf  Zygana,  Notidanvs,  Myliobatidce,  Dadylopte'rus,  Echeneis, 
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Nomeus,  CorypluBna^  SchedophiltiSy  Seriola,  Temnodon,  AnUn- 
narius,  Stemoptychidce,  Astronesthes,  ExocoetTis,  Tetrodon,  Dio- 
don  ;  and  only  one  genus  of  Sharks,  Gtdeoeerdo,  approaches 
the  Arctic  circle.  Some  few  species,  like  Aniennarius, 
Scopelus,  are  carried  by  currents  near  to  the  northern  confines 
of  the  temperate  zones ;  but  such  occurrences  are  accidental, 
and  these  fishes  must  be  regarded  as  entirely  foreign  to  the 
fauna  of  those  latitudes.  On  the  other  hand,  some  Pelagic 
fishes  inhabit  the  temperate  zones,  whilst  their  occurrence 
within  the  tropics  is  very  problematical ;  thus,  in  the  Atlan- 
tic, Thalassarhinus,  SelachCy  Lccmargus^  Centrolaphus,  Diana, 
Ausonia,  Lampris  (all  genera  composed  of  one  or  two  species 
only).  Beside  the  Shark  mentioned,  no  other  Pelagic  fishes 
are  known  from  the  Arctic  Ocean. 

We  possess  very  little  information  about  the  Pelagic  fish- 
fauna  of  the  Southern  oceans.  So  much  only  is  certain, 
that  the  tropical  forms  gradually  disappear ;  but  it  would  be 
hazardous,  in  the  present  state  of  our  knowledge,  to  state 
even  approximately,  the  limits  of  the  southward  range  of  a 
single  genus.  Scarcely  more  is  known  about  the  appearance 
of  types  peculiar  to  the  Southern  temperate  zone;  for  in- 
stance, the  gigantic  Shark  (Ehinodon),  representing  the 
Northern  Selache,  near  the  coasts  of  South  Africa,  and  the 
Scombroid  genus,  GaMrochisma,  in  the  South  Pacific. 

The  largest  of  marine  fishes,  Ehinodon,  Selache,  Carckaro- 
don,  Myliohatidce,  Thynmis,  Xiphiidxe,  Orthagoriscus,  belong  to 
the  Pelagic  Fauna.  Young  fishes  are  frequently  found  in 
mid-ocean,  which  are  the  offspring  of  shore-fishes  normally 
depositing  their  spawn  near  the  coast  The  manner,  in  which 
this  fry  passes  into  the  open  sea,  is  unknown;  for  it  has 
not  yet  been  ascertained  whether  it  is  carried  by  currents  from 
the  place  where  it  was  deposited  originally,  or  whether  shore- 
fishes  sometimes  spawn  at  a  distance  from  the  coast  We 
may  remember  that  shore-fishes  inhabit  not  only  coasts  but 
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also  submerged  banks  with  some  depth  of  water  above,  and 
that,  by  the  action  of  the  water,  spawn  deposited  on  these 
latter  localities  is  very  liable  to  be  dispeised  over  wide  areas 
of  the  ocean.  Embryoes  of  at  least  some  shore-fishes  hatched 
tinder  abnormal  conditions  seem  to  have  aji  abnormal  growth 
Qp  to  a  certain  period  of  their  life,  when  they  perish.  The 
Ltptocephaii  must  be  r^arded  as  such  abnormally  developed 
^sh  (see  p.  179).  Fishes  of  a  similar  condition  are  the  so- 
called  Pelagic  Itaffumm,  young  Pleuronectoids,  the  origin  of 
vhich  is  still  unknown.  As  mentioned  before,  Flat-fishes, 
like  all  the  other  Anacanths,  are  otherwise  not  represented  in 
the  Pelagic  fauna. 


from  tlw  Indiu  Ocnn. 


CHAPTER  XXL 

THE  FISHES  OF  THE  DEEP  SEA. 

The  knowledge  of  the  existence  of  deep-sea  fishes  is  one 
of  the  recent  discoveries  of  ichthyology.  It  is  only  about 
twenty  years  ago  that,  from  the  evidence  afiforded  by  the 
anatomical  structure  of  a  few  singular  fishes  obtained  in  the 
North  Atlantic,  an  opinion  was  expressed  that  these  fishes 
inhabited  great  depths  of  the  ocean,  and  that  their  organisa- 
tion was  specially  adapted  for  living  under  the  physical 
abyssal  conditions.  These  fishes  agreed  in  the  character  of 
their  connective  tissue,  which  was  so  extremely  .weak  as  to 
yield  to,  and  to  break  under,  the  slightest  pressure,  so  that  the 
greatest  difficulty  is  experienced  to  preserve  their  body  in 
its  continuity.  Another  singular  circumstance  was,  that  some 
of  the  specimens  were  picked  up  floating  on  the  surface  of  the 
water,  having  met  their  deaths  whilst  engaged  in  swaUowing 
or  digesting  another  fish  not  much  inferior  or  even  superior 
in  size  to  themselves. 

The  first  peculiarity  was  accounted  for  by  the  feet  that, 
if  those  fishes  really  inhabited  the  great  depths  supposed, 
their  removal  from  the  enormous  pressure  under  which 
they  lived  would  be  accompanied  by  such  an  expansion  of 
gases  within  their  tissues  as  to  rupture  them,  ai^d  to  cause 
a  separation  of  the  parts  which  had  been  held  together  by  the 
pressure.  The  second  circumstance  was  explained  thus : — 
A  raptatorial  fish  oi^ganised  to  live  at  a  depth  of  between  500 
and  800  fathoms  seizes  another  usually  inhabiting  a  depth  of 
between  300  and  500  fathoms.    In  its  struggles  to  escape, 
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he  fish  seized,  nearly  as  large  or  strong  as  the  attacking  fish, 

^z^arries  the  latter  out  of  its  depth  into  a  higher  stratum, 

^^^here  the  diminished  pressure  causes  such  an  expansion  of 

^ases  as  to  make  the  destroyer  with  its  victim  rise  with  in- 

-creasing  rapidity  towards  the  surface,  which  they  reach  dead 

^r  in  a  dying  condition.     Specimens  in  this  condition  are  not 

:rarely  picked  up ;  and  as,  of  course,  comparatively  few  can 

T)y  accident  Call  into  the  hands  of  naturalists,  occurrences  of 

the  kind  related  must  happen  very  often. 

Thus,  the  existence  of  fishes  peculiarly  adapted  for  the 
deep  sea  has  been  a  fact  maintained  and  admitted  for  some 
time  in  Ichthyology ;  and  as  the  same  genera  and  species  were 
found  at  very  distant  parts  of  the  ocean,  it  was  further  stated 
that  those  Deep-sea  fishes  were  not  limited  in  their  range,  and 
that,  consequently,  the  physical  conditions  of  the  depths  of  the 
ocean  must  be  the  same  or  nearly  the  same  over  the  whole 
globe.  That  Deep-sea  fishes  were  not  of  a  peculiar  order,  but 
chiefly  modified  forms  of  surface  types,  was  another  conclusion 
arrived  at  from  the  sporadic  evidence  collected  during  the 
period  which  preceded  systematic  deep-sea  dredging. 

However,  nothing  was  positively  known  as  to  the  exact 
depths  inhabited  by  those  fishes  until  observations  were  made 
during  the  voyage  of  H.M.S.  "Challenger."  The  results 
obtained  by  this  expedition  afforded  a  surer  and  more  extended 
basis  for  our  knowledge  of  Deep-sea  fishes. 

The  physical  conditions  of  the  deep  sea,  which  must 
affect  the  organisation  and  distribution  of  fishes,  are  the 
following : — 

1.  Absence  of  sunlight.  Probably  the  rays  of  the  sun  do 
not  penetrate  to,  and  certainly  do  not  extend  beyond,  a  depth 
of  200  fathoms,  therefore  we  may  consider  this  to  be  the 
depth  where  the  Deep-sea  fauna  commences.  Absence  of 
light  is,  of  necessity,  accompanied  by  modifications  of  the 
organs  of  vision  and  by  simplification  of  colours. 
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2.  The  absence  of  sunlight  is  in  some  measure  compen- 
sated for  by  the  presence  of  phosphorescent  light,  produced  by 
many  marine  animals,  and  also  by  numerous  Deep-sea  fishes. 

3.  Depression  and  equality  of  the  temperature.  At  a  depth 
of  500  fathoms  the  temperature  of  the  water  is  already  as 
low  as  40^  Fahr.,  and  perfectly  independent  of  the  temperature 
of  the  surface-water ;  and  from  the  greatest  depths  upwards  to 
about  1000  fathoms  the  temperature  is  uniformly  but  a  few 
degrees  above  freezmg-point  Temperature,  therefore,  ceases  to 
offer  an  obstacle  to  the  unlimited  dispersal  of  Deep-sea  fishes. 

4.  The  increased  pressure  by  the  water.  The  pressure  of 
the  atmosphere  on  the  level  of  the  sea  amounts  to  fifteen 
pounds  per  square  inch  of  the  surface  of  the  body  of  an 
animal ;  but  the  pressure  amounts  to  a  ton  weight  for  every 
1000  fathoms  of  depth. 

5.  With  the  sunlight,  vegetable  life  ceases  in  the  depths  of 
the  sea.  All  Deep-sea  fishes  are  therefore  carnivorous ;  the 
most  voracious  feeding  frequently  on  their  own  o&pring,  and 
the  toothless  kinds  being  nourished  by  the  animalcules  which 
live  on  the  bottom,  or  which,  "  like  a  constant  rain,"  settle 
down  from  the  upper  strata  towards  the  bottom  of  the  sea. 

6.  The  perfect  quiet  of  the  water  at  great  depths.  The 
agitation  of  the  water,  caused  by  the  disturbances  of  the  air, 
does  not  extend  beyond  the  depth  of  a  few  fathoms ;  below 
this  surface-stratum  there  is  no  other  movement  except  the 
quiet  flow  of  ocean-currents,  and  near  the  bottom  of  the 
deep  sea  the  water  is  probably  in  a  state  of  almost  entire 
quiescence. 

The  effect  upon  fishes  of  the  physical  conditions  described 
is  clearly  testified  by  the  modification  of  one  or  more  parts  of 
their  organisation,  so  that  every  Deep-sea  fish  may  be  recog- 
nised as  such,  without  the  accompanying  positive  evidence 
that  it  has  been  caught  at  a  great  depth;  and  vice  versa, 
fishes  reputed  to  have  been  obtained  at  a  great  depth,  and  not 
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"having  any  of  the  characteristics  of  the  dwellers  of  the  deep 
sea,  must  be  r^arded  as  surface-fishes. 

The  most  striking  characteristic,  found  in  many  Deep-sea 
fishes,  is  in  relation  to  the  tremendous  pressure  under  which 
they  live.    Their  osseous  and  muscular  systems  are,  as  com- 
pared with  the  same  parts  of  surface-fishes,  very  feebly  de- 
veloped.   The  bones  have  a  fibrous,  fissured,  and  cavernous 
texture;  are  light,  with  scarcely  any  calcareous  matter,  so 
that  the  point  of  a  needle  will  readily  penetrate  them  with- 
out breaking.    The  bones,  especially  the  vertebrae,  appear  to 
be  most  loosely  connected  with  one  another ;  and  it  requires 
the  most  careful  handling  to  prevent   the  breaking  of  the 
connective  ligaments.      The  muscles,  especially  the   great 
lateral  muscles  of  the  trunk  and  tail,  are  thin,  the  fascicles 
being  readily  separated  from  one  another  or  torn,  the  connec- 
tive tissue  being  extremely  loose,  feeble,  or  apparently  absent. 
This  peculiarity  has  been  observed  in  the   Trachypteridce, 
flagyodtbSy  Chiasmodus,  Mdanocetus,  Sdccopharyyix,    But  we 
cannot  assume  that  it  actually  obtains  whilst  those  fishes 
exist  iinder  their  natural  conditions.    Some  of  them  are  most 
rapacious  creatures  which  must  be  able  to  execute  rapid  and 
powerftil  movements  to  catch  and  overpower  their  prey ;  and 
for  that  object  their  muscular  system,  thin  as  its  layers  may 
be,  must  be  as  firm,  and  the  chain  of  the  segments  of  their 
vertebral  column  as  firmly  linked  together  as  in  surface-fishes. 
Therefore,  it  is  evident  that  the  change  which  the  body  of 
those  fishes  has  undergone  on  their  withdrawal  from  the  pres- 
sure under  which  they  live  is  a  much  aggravated  form  of  the 
affection  that  is  experienced  by  persons  reaching  great  alti- 
tudes in  their  ascent  of  a  mountain  or  in  a  balloon.     In  every 
living  oiganism  with  an  intestinal  tract  there  are  accumula- 
tions of  free  gases;  and,  moreover,  the  blood  and   other 
fluids,  which  permeate  every  part  of  the  body,  contain  gases 
in  solution.    Under  greatly  diminished  pressure  these  gases 
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expand,  so  that,  if  the  withdrawal  from  a  depth  is  not  an 
extremely  slow  and  gradual  process,  the  various  tissues  must 
be  distended,  loosened,  ruptured ;  and  what  is  a  vigorous  fish 
at  a  depth  of  500  or  more  fathoms,  appears  at  the  surface  as 
a  loosely-jointed  body  which,  if  the  skin  is  not  of  sufficient 
toughness,  can  only  be  kept  together  with  difficulty.  At 
great  depths  a  fibrous  osseous  structure  and  a  thin  layer  of 
muscles  suffices  to  obtain  the  same  results  for  which,  at  the 
surface,  thickness  of  muscle  and  firm  osseous  or  cartilaginous 
tissue  are  necessary. 

The  muciferous  system  of  many  Deep-sea  fishes  is  deve- 
loped in  an  extraordinary  degree.  We  find  already  in  fishes 
which  are  comparatively  little  removed  from  the  surface 
(that  is  to  depths  of  100-200  fathoms),  the  lateral  line  much 
wider  than  in  their  congeners  or  nearest  allies  which  live  on 
the  surface,  as  in  Trachichthys,  Hoplostethiis,  msjiy  Scarpamida. 
But  in  fishes  inhabiting  depths  of  1000  and  more  fathoms, 
the  whole  muciferous  system  is  dilated ;  it  is  especially  the 
surface  of  the  skull  which  is  occupied  by  large  cavities 
{Macruridce,  deep-sea  Ophidiidce),  and  the  whole  body  seems 
to  be  covered  with  a  layer  of  mucus.  These  cavities  collapse 
and  shrink  in  specimens  which  have  been  preserved  in  spirit 
for  some  time,  but  a  re-immersion  in  water  for  a  short  time 
generally  suffices  to  show  the  immense  quantity  of  mucus 
secreted  by  them.  The  physiological  use  of  this  secretion  is 
unknown;  it  has  been  observed  to  have  phosphorescent 
properties  in  perfectly  fresh  specimens. 

The  colours  of  Deep-sea  fishes  are  extremely  simple,  their 
bodies  being  either  black  or  silvery ;  in  a  few  only  are  some 
filaments  or  the  fin-rays  of  a  bright  scarlet  colour.  Among 
the  black  forms  albinoes  are  not  scarce. 

The  organ  of  sight  is  the  first  to  be  affected  by  a  sojourn  in 
deep  water.  Even  in  fishes  which  habitually  live  at  a  depth 
of  only  80  fathoms,  we  find  the  eye  of  a  proportionally  larger 
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size  than  in  their  representatives  at  the  surface.  In  such 
fishes  the  eyes  increase  in  size  with  the  depth  inhabited  by 
them,  down  to  the  depth  of  200  fathoms,  the  large  eyes  being 
necessary  to  collect  as  many  rays  of  light  as  possible.  Beyond 
that  depth  small-eyed  fishes  as  well  as  large-eyed  occur,  the 
former  having  their  want  of  vision  compensated  for  by  tenta- 
cular organs  of  touch,  whilst  the  latter  have  no  such  accessory 
organs,  and  evidently  see  only  by  the  aid  of  phosphorescence. 
In  the  greatest  depths  blind  fishes  occur  with  rudimentary 
eyes  and  without  special  organs  of  touch. 

Many  fishes  of  the  deep  sea  are  provided  with  more  or  less 
xiumerous,  round,  shining,  mother-of-pearl-coloured  bodies,  im- 
bedded in  the  skin.    These  so-called  phosphorescent  or  lumi- 
xious  organs  are  either  larger  bodies  of  an  oval  or  irregularly 
elliptical  shape  placed  on  the  head,  in  the  vicinity  of  the  eye, 
CDr  smaller  round  globular  bodies  arranged  symmetrically  in 
series  along  the  side  of  the  body  and  tail,  especially  near  the 
abdominal  profile,  less  frequently  along  the  back.    The  former 
liave  not  yet  been  anatomically  examined.    The  number  of 
3)airs  of  the  latter  is  in  direct  relation  to  that  of  the  segments 
of  the  vertebral  column,  the   muscular  system,  etc.  (meta- 
meres) ;  and  two  kinds  may  be  distinguished  differing  from 
each  other  in  theiranatomical  structure.  The  organs  of  one  kind 
consist  of  an  anterior,  biconvex,  lens-like  body,  which  is  trans- 
parent during  life,  simple  or  composed  of  rods  {Chavliodus) ; 
and  of  a  posterior  chamber  which  is  filled  with  a  transparent 
fluid,  and  coated  with  a  dark  membrane  composed  of  hexa- 
gonal cells,  or  of  rods  arranged  as  in  a  retina.     This  structure 
is  found  in  Astranesthes,  Stomias,  Chaviiodics,  etc.    In  the  other 
kind  the  organ  shows  throughout  a  simply  glandular  structure, 
but  apparently  without  an  efferent  duct  (Gronostoma,  Scopelvs, 
Maurdicus,  Argyropdecus).    Branches  of  the  spinal  nerves 
run  to  each  organ,  and  are  distributed  over  the  retina-like 
membrane  or  the  glandular  follicles.     The  former  kind  of 
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organs  are  considered  by  some  naturalists  tnie  organs  of 
vision  (accessory  eyes),  the  function  of  the  latter  being  left 
unexplained  by  them. 

Although,  thus,  these  organs  morphologically  differ  from 
each  other,  there  is  no  doubt  that  the  functions  of  all  have 
some  relation  to  the  peculiar  conditions  of  light  under  which 
the  fishes  provided  with  them  live ;  these  fishes  being  either 
deep-sea  forms  or  nocturnal  pelagic  kinds.  There  are  three 
possible  h}rpotheses  as  to  the  function  of  these  organs  : — 

1.  All  the  different  kinds  of  organs  are  sensory,  or,  in 
other  words,  accessory  eyes. 

2.  Only  the  organs  with  a  lenticular  body  are  sensory, 
and  those  with  a  glandular  structure  produce  and  emit 
phosphorescent  light. 

3.  All  are  producers  of  light 

There  are  very  serious  objections  to  adopting  the  first 
view.  Scopdus  and  Argyropdecus  possess  not  only  perfectly 
developed,  but  even  large  eyes,  specially  adapted  for  a 
nocturnal  life ;  and  therefore  accessory  organs  of  vision  must 
appear  to  be  quite  superfluous  to  them.  On  the  other  hand, 
in  Deep-sea  fishes  without  external  eyes,  which  would  seem 
to  especially  require  these  metameric  organs  of  sense,  they 
are  invariably  absent.  And,  finally,  it  is  quite  inconceiv- 
able that  the  glandular  structures  should  have  the  faculty 
of  conveying  impressions  of  light  to  the  nervous  centre. 
The  second  supposition  seems  therefore  to  be  nearer  the 
truth ;  a^d  is  supported  by  the  fact  that  the  glsmdular  oigans 
of  Scopeli  have  actually  been  observed  to  gleam  with  phos- 
phorescent light,  and  by  the  obvious  morphological  similarity 
of  the  organs  with  a  lenticular  body  and  retina-like  membrane 
to  an  organ  of  vision.  We  are,  moreover,  justified,  from  an 
d  priori  consideration,  in  supposing  that  in  depths  to  which  no 
sunlight  descends,  and  which  are  illuminated  by  phosphores- 
cent light  only,  peculiar  organs  of  vision  would  have  been 
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developed*  On  the  other  hand,  this  supposition  is  opposed  by 
the  fact  that  many  fishes  which  dwell  in  those  abyssal  depths 
are  provided  with  large  ordinary  eyes  (as  the  Trachypteri,  the 
majority  of  Macrurid(B),  and,  therefore,  that  the  ordinary 
organ  of  vision  is  quite  suiBficient  for  seeing  by  phosphores- 
cent light.  Thus,  whilst  we  must  admit  that  those  compound 
oigans  may  prove  to  be  organs  of  sense,  we  maintain  at  the 
same  time  that  their  morphological  nature  is  not  opposed  to 
the  belief  that  they  too,  like  the  glandular  organs,  are  pro- 
ducers of  light.  It  may  be  produced  at  the  bottom  of  the 
posterior  chamber,  and  emitted  through  the  lenticular  body 
in  particular  directions,  with  the  same  effect  as  light  is  sent 
through  the  convex  glass  of  a  "  bull's  eye."  This  hypothesis 
seems  to  be  less  bold  than  the  other,  which  would  require  us 
to  believe  that  vertebrate  animals,  with  a  nervous  centre 
specialised  for  the  reception  of  the  impressions  of  the  higher 
Senses,  should  receive  them  through  the  spinal  chord. 

[See  Unow,  **  IJeber  den  Baa  der  sogenannten  angenaehnlichen  Flecken 
einiger  Enochenfische."    St  Petersburg,  BuUet  1879.] 

Whenever  we  find  in  a  fish  long  delicate  filaments,  de- 
veloped in  connection  with  the  fins  or  the  extremity  of  the 
tail,  we  may  conclude  that  it  is  an  inhabitant  of  still  water 
and  of  quiet  habits.  Many  deep-sea  fishes  {Trachypteridcey 
MacruridcBf  Ophidiidce,  Bathypterois)  are  provided  with  such 
filamentous  prolongations,  the  development  of  which  is  per- 
fectly in  accordance  with  their  sojourn  in  the  absolutely 
quiet  waters  of  abyssal  depths. 

Some  of  the  raptatorial  Deep-sea  fishes  have  a  stomach 
80  distensible  and  capacious  that  it  can  receive  a  fish  of 
twice  or  thrice  the  bulk  of  the  destroyer  (Melanocetus,  Chios- 
maduSy  Saccopfiarynx).  Deglutition  is  performed  in  them 
not  by  means  of  the  muscles  of  the  pharynx,  as  in  other 
fishes,  but  by  the  independent  and  alternate  action  of  the 
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jaws,  as  in  Snakes.  These  fishes  cannot  be  said  to  swallow 
their  food,  but  rather  draw  themselves  over  their  victim,  in 
the  fashion  of  an  Actinia, 

Before  the  voyage  of  H.M.S.  "  Challenger,"  scarcely  thirty 
Deep-sea  fishes  were  known.  This  number  is  now  much 
increased  by  the  discovery  of  many  new  species  and  genera ; 
but,  singularly,  no  new  types  of  families  were  discovered: 
nothing  but  what  might  have  been  expected  from  our  pre- 
vious knowledge  of  this  group  of  fishes.  Modifications  of 
certain  organs,  perfectly  novel,  and  of  the  greatest  interest, 
were  found,  as  we  shall  see  in  the  "  Systematic  Part ; "  but 
the  most  important  residts  of  this  voyage  are  that  the  general 
character  of  the  abyssal  fish-fauna,  the  abundance  of  fishes, 
and  the  exact  depths  to  which  fishes  may  descend,  have  been 
ascertained. 

However,  the  statements  of  the  depths  at  which  the 
fishes  collected  by  the  "  Challenger "  were  taken  cannot  be 
received  without  some  critical  examination  of  each  individual 
species.  No  precaution  was  taken  to  keep  the  mouth  of  the 
dredge  closed  during  its  descent  or  ascent,  and  therefore  it  is 
quite  within  the  limits  of  probability  that  sometimes  fishes 
were  accidentally  enclosed  within  the  dredge,  whilst  it  was 
traversing  the  surface  strata.  And  this  has  happened  more 
than  once ;  for  it  is  quite  certain  that  conmion  surfieu^  fishes 
like  Stemoptyx  and  Astranesthes,  never  ranged  to  a  depth 
of  2500  fathoms.  On  the  other  hand,  the  majority  of  the 
fishes  obtained  offer  sufficient  evidence  from  their  own  organ- 
isation that  they  live  on  the  bottom,  and  are  imable  to 
support  themselves  in  the  water  at  a  certain  distance  firom 
the  bottom  or  surface  ;  and,  consequently,  that  they  actually 
were  obtained  at  the  depth  to  which  the  dredge  descended. 

As  far  as  the  observations  go  at  present,  no  distinct 
bathymetrical  regions,  which  would  be  characterised  by 
peculiar  forms,  can  be  defined.    The  depths  from  200  to 
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600  fathoms  are  inhabited  by  numerous  forms,  still  strongly 
reminding  us  of  surface  types.    To  this  fauna  belong  the  few 
Chondropterygians  of  the  deep  sea,  a  Sebastes  and  Setarches, 
a  Beryx  and  Polymixia,  a  Cottus,  etc. ;  but  they  are  associ- 
ated with  many  others  which  descend  to  the  greatest  depths. 
And  before  anything  like  a  division  into  bathymetrical  zones 
can   be   attempted,  the  observations   of  the  "  Challenger  ** 
expedition  must  be  confirmed  and  supplemented  by  other 
series  of  similar  systematic  observations.    One  of  the  most 
startling  conclusions  at  which  we  would  have  to  arrive  from 
the  "  Challenger  *'  observations  is,  that  some  of  the  species  of 
Deep-sea  fishes  would  range  from  a  depth  of  some  300  fathoms 
down  to  one  of  2000  fathoms ;  or,  in  other  words,  that  a  fish 
which  has  once  attained  in  its  organisation  to  that  modifi- 
cation by  which  it  is  enabled  to  exist  under  the  pressure  of 
half  a  ton,  can  easily  accommodate  itself  to  one  of  two  tons 
or  more, — a  conclusion  which  is  not  in  accordance  with  ana- 
tomical facts,  and  which  must  be  confirmed  by  other  obser- 
vations before  we  can  adopt  it.    But  if  the  vertical  range  of 
Deep-sea  fishes  is  actually  as  it  appears  from  the  "  Challenger  " 
lists,  then  there  is  no  more  distinct  vertical  than  horizontal 
distribution  of  Deep-se^  fishes. 

The  greatest  depth  reached  hitherto  by  a  dredge  in  which 

fishes  were  enclosed  is  2900  fathoms.     But  the  specimens 

thus  obtained  belong  to  a  species  {Oonostoma  microdon),  which 

^^eias  to  be  extremely  abundant  in  upper  strata  of  the  Atlantic 

*^d  Pacific,  and  were  therefore  most  likely  caught  by  the 

^'^'^ge  in  its  ascent    The  next  greatest  depth,  viz.,  2750 

'^thorns,  must  be  accepted  as  one  at  which  fishes  undoubtedly 

^^  live;  the  fish  obtained  from  this  depth  of  the  Atlantic, 

^^hyophis  ferox,  showing  by  its  whole  habit  that  it  is  a  form 

living  on  the  bottom  of  the  ocean. 

The  fish-fauna  of  the  deep  sea  is  composed  chiefly  of 
fonns  or  modifications  of  forms  which  we  find  represented  at 

x 


306  FISHES. 

the  surface  in  the  cold  and  tempente  zones,  or  which  appear 
as  nocturnal  pelagic  forma.  The  Chondropterygians  are  few 
in  number,  not  descending  to  a  depth  of  more  than  600 
fathoms.  The  Acanthopterygians,  which  form  the  majority 
of  the  coast  and  surface  faunas,  are  also  scantily  represented ; 
genera  identical  with  surface  types  are  confined  to  the  same 
inconsiderable  depths  as  the  Chondropterygians,  whilst  those 
Acanthopterygians  which  are  so  much  specialised  for  the  life 
in  the  deep  sea  as  to  deserve  generic  separation,  range  from 
200  to  2400  fathoms.  Three  distinct  families  of  Acanthop- 
terygians belong  to  the  deep-sea  fauna,  viz.  TrcuJiypteridw, 
Zophotidce,  and  Notacanthidce ;  they  respectively  consist  of 
three,  one,  or  two  genera  only. 

Chdidce^  Ophidiidce,  and  Macnmdof  are  very  numerous, 
ranging  through  all  depths ;  they  constitute  about  one-fourth 
of  the  whole  deep-sea  fauna. 

Of  Physostomi,  the  families  of  Skmoptychidce,  Scopdidce, 
Stajniatida^  Salmonidce,  Bathythrissidce,  AlqpocephalicUt,  Halo- 
mti/ridce,  and  Murasnidce  are  represented.  Of  these  the  Scope- 
Unds  are  the  most  numerous,  constituting  nearly  another 
fourth  of  the  fauna.  ScUnumidce  are  scarce,  with  three  small 
genera  only.  Bathythrissidce  includei^one  species  only,  which 
is  probably  confined  in  its  vertical  as  well  as  horizontal  range ; 
it  occurs  at  a  depth  of  about  350  fathoms  in  the  sea  of  Japan. 
The  AUpocepludidm  and  Halosauridce^  known  before  the 
"  Challenger  "  expedition  from  isolated  examples  only,  prove  to 
be  true,  widely-spread,  deep-sea  types.  Eels  are  well  repre- 
sented, and  seem  to  descend  to  the  greatest  depths. 

Myxine  has  been  obtained  from  a  depth  of  345  fathoms. 

It  will  be  useful  to  append  a  complete  list  of  Deep-sea 
fishes,  with  the  depths  as  ascertained  by  the  dredgings  of 
the  "  Challenger : "— 
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lAjBt  of  Deep-Ma  Fishes, 


Fathoms. 


Chonbrofterygtans — 

Baja 

565 

Scyllium 

400 

Ceutroscyllium 

245 

Centrophonis 

345-500 

ACANTHOPTERYOIANS — 

PomatomuB  . 

(]  down  to)  200 

Sebastes 

275 

Setarchea 

215 

Beryx 

345 

Melamphaes . 

(]  beyond)  200 

Polymixia    . 

345 

Nealotus 

Nesiarchus    . 

Aphanopus    . 

Euoxymetopon 

Lepidopus 

345 

Grempylus     . 

Anomalops    . 

%  Antigonia 

DiretmuB 

Coitus 

565 

Bathydraco   . 

1260 

Oneirodes 

Melanocetus  johnsonii 

1850 

„           bispinosus 

360 

Himantolophus 

Chaunaz 

215 

Ceratias 

2400 

Halieutichtbys 

Dibranchus  . 

360 

Trachypteridse 

Lophotes 

Notacanthus  rissoanus 

1875 

,,          bonapartii 

400 

fl8SS8. 


308 


^"^        tn»ctopB 

oceUatow      • 

fi;    WonuB  us*** 

Batbyt^^^^  eomptessas         • 
"  gracVlia  . 

Wactutus(lJJ         gicus      . 

^asutuB 
vitlosus 

tudis 
gequalis 
crassiceps 
^cTolepis      • 

murrayi 
serrulatus 

fiUcauda 

variabaifl 
affinis 


11 
11 


1975 


120-3*5 
345 


55-TO 
346-600 
600-1375 
1500 
1875 
375 
345 
350 
35C 
107! 
344 
14( 
21 

ss 

1075-3! 


n 


130 


34 


G 


[ 


DEEP-SEA  JTIBUES. 

3C 

Fathoms. 

Coryphsenoides  carinatos 

600 

„              longifiliR 

565 

„              altipinnis 

.    565-1875 

„              asper 

.    500-1876 

„              leptolepis 

.    350-2050 

„              Bclerorhynchus 

1090 

„              denticulatus  . 

275520 

Malacocephalus 

350 

Bathygadus  cottoides 

620-700 

„           multifilis 

500 

SXERNOPTYCHIDiB — 

Argyropelecus 

1127  p] 

Stemoptyx   .             .             .             . 

0-2500  [1] 

Polyipnus      .             .             .              . 

255 

Gonostoma  denudatum 

„         microdoD . 

.    500-2900  [1] 

„        elongatum 

360-800 

„         gracile      . 

.    346-2425 

Chauliodus   .             .             .             . 

565-2660 

ScOPELIDiB^— 

Bathysaurus  feroz 

1100 

„           mollis    . 

1875-2385 

Bathypterois  longifilis 

620-630 

„           longipes 

2660 

„            qoadrifilis 

500-770 

,,           longicauda 

2550 

ChlorophthalmuB  agassizii 

215 

„               nigripinnis . 

120 

„              gracilis 

.  1100-1425 

Scopelus  eDgranlis 

255 

„       antarcticus  . 

1950 

„       mizolepis     . 

800 

„        dumerilii 

215 

„       macTolepidotus 

.      520-630 

yy       crassiceps    . 

.    675-1550 

„       macrostoma 

.  2360-2426 

„       microps 

1375 

OdontostomuB  hyalinns 

nSB^  600 

500 

"       fetox  •  n80 

"  oAcroio'^  .  500 

Ar8»^***  •  aO' 

^aM  —  m 


BaJ^' 


»» 
»» 
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JAtjblmsidx — 

Fathoms. 

„          infftna     . 

500-2500 

Cyema  atnim 

1500-1800 

Saccopharynx 

SynaphobranchuB  pinatua 

345-1200 

1876-2050 

„               brevidorsalia 

1075-1375 

„               affinia 

346 

MS 

Cyclostomata— 

Uyxine  anstnlis 

345 

*^  III.— CAwnxdM  niffer;  obUined  In  tha   Koith  AtUntio  at  a  depUi  of 
1900  bAltom* ;  th«  ipadman  hu  sw^lowsd  a  laiga  Scopelai  (■) ;  o,  rantral  fln. 


SYSTEMATIC  AND  DESCRIPTIVE   PART. 


The  Class  of  Fishes  is  divided  into  four  sub-classes : — 

I.  PaXuEICHTHYES. — ^Heart  with  a  contractile  conus  arte- 
riosus ;  intestine  with  a  spiral  valve;  optic  nerves  non-decus- 
sating, or  only  partially  decussating. 

II.  Teleostel  —  Heart  with  a  non- contractile  bulbus 
arteriosus;  intestine  without  spiral  valve;  optic  nerves  de- 
cussating. Skeleton  ossified,  with  completely  separated 
vertebrae. 

III.  Cyclostomata. — Heart  without  bulbus  arteriosas; 
intestine  simple.  Skeleton  cartilaginous  and  notochoidaL 
One  nasal  aperture  only.  No  jaws ;  mouth  surrounded  by  a 
circular  lip. 

IV.  Leftocardii. — Heart  replaced  by  pulsating  sinuses ; 
intestine  simple.  Skeleton  membrano-cartilaginous  and  noto- 
chordaL    No  skull ;  no  brain. 

FIEST  SUB-CLASS  :  PALSICHTHYES. 

Heart  wUh  a  contractUe  cantis  arteriosus;^  intestine  with  a 
spiral  vaive;^  optic  nerves  non-^Ucassaiing^  or  only  partially 
decussaiing  ;'  skeleton  cartilaginov^  or  ossmus. 

This  sub-class  comprises  the  Sharks  and  Rays,  and  the 
Ganoid  fishes.  Although  based  upon  a  singular  concurrence 
of  most  important  characters,  its  members  exhibit  as  great  a 
diversity  of  form,  and  as  manifold  modifications  in  the  re- 

1  See  p.  151,  Fig.  67.  *  See  p.  128,  Fig.  55.  *  See  p.  104. 
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mainder  of  their  organisation  as  the  Tdeostei,  The  Palceich- 
thyes  stand  to  the  Teleostei  in  the  same  relation  as  the 
Alarsupials  to  the  Placentalia.  Geologically,  as  a  sub-class, 
they  were  the  predecessors  of  Teleosteous  fishes ;  and  it  is  a 
remarkable  fact  that  all  those  modifications  which  show  an 
approach  of  the  ichthyic  type  to  the  Batrachians  are  foimd 
in  this  sub-class.  We  divide  it  into  two  orders:  Chondrop- 
terygii  and  Oanoidei. 

FIRST  ORDER :   CHONDROPTERYGII. 

SkeUton  cartilagirums.  Body  with  medial  and  paired  fins, 
the  hinder  pair  abdominal.  Vertebral  column  generally  hetero- 
cereal,  the  upper  lobe  of  the  cavdal  fin  produced.  Gills  attactied 
to  the  skin  by  the  ouler  margin,  vnth  several  intervening  gill" 
openings :  rarely  one  external  gill-opening  only.  No  gill-cover. 
No  air-bladder.  Two,  three,  or  Toore  series  of  valves  in  the 
conus  arteriosus.  Ova  large  and  few  in  number}  impregnated 
andf  in  some  species,  developed  within  a  uterine  cavity.  Emiryo 
with  deoidtums  external  gills.^  Males  vnth  intromittent  organs 
attached  to  the  ventral  fins.^ 

This  order,  for  which,  also,  the  name  Elasmobranchii  has 
been  proposed  (by  Bonaparte),  comprises  the  Sharks  and 
Rays  and  Chimfieras,  and  is  divided  into  two  sub-orders: 
PlagiostomMa  and  Holocephala. 

FIRST  SUB-ORDER :   PLAGIOSTOMATA. 

From  five  to  seven  gill-openings.  Skull  vnth  a  suspensorium 
and  the  palatal  apparatus  detached.     Teeth  numerous. 

The  Plagiostomes  differ  greatly  among  each  other  with 
regard  to  the  general  form  of  their  body :  in  the  Sharks  or 
Selachoidei  the  body  is  elongate,  more  or  less  cylindrical, 
gradually  passing  into  the  tail ;  their  gill-openings  are  lateral. 
In  the  Rays,  or  Batoidei,  the  gill-openings  are  always  placed 

1  See  p.  167,  Figs.  79, 81.       •  See  p.  136,  Fig.  68.       »  See  p.  167,  Fig.  78. 
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on  the  abdominal  aqpect  of  the  fish ;  the  body  is  depressed, 
and  die  trunk,  which  is  surrounded  by  the  immensely 
developed  pectoral  fins,  forms  a  broad  flat  disk,  of  which  the 
tail  appears  as  a  thin  and  slender  appendage.  Spiracles  are 
always  present ;  the  number  of  gill-openings  is  constantly  five; 
no  anal  fin ;  dorsal  fins,  if  present,  situated  on  the  taiL 
However,  some  of  the  Bays  approach  the  Sharks  in  hav- 
ing the  caudal  portion  less  abruptly  contracted  behind  the 
trunk. 

Fossil  Plagiostomes  are  very  numerous  in  aU  formations. 
Some  of  the  earliest  determinable  fish  remains  are  believed 
to  be,  or  are,  derived  from  Plagiostomes.  Those  which  can 
be  referred  to  any  of  the  following  £Eimilies  will  be  mentioned 
subsequently :  but  there  are  others,  especially  fin-spines,  which 
leave  us  in  doubt  to  which  group  of  Plagiostomes  their 
owners  had  any  affinity,  thus  Oruhus  from  the  upper  Silurian, 
continuing  to  carboniferous  formations;  IHmeraMLfUhu»^ 
ffoniocanthtts,  from  the  Devonian ;  OracarUhu^,  Oymcantkus^ 
Tristychius,  Astroptychius,  Ptychacanthvs,  SpherutcarUhtis^  etc, 
&om  carboniferous  formations;  ZqftacarUhus,  from  the  coal 
to  the  Oolite ;  Cladacanthus,  Cruxuxi/rUhus,  Gyropristis,  and 
Zepracanthus,  from  the  coal  measures ;  Nemdcantktis,  Liaoan- 
thvSi  from  the  Trias ;  Adrdcanthvs,  Myriacanthus,  Pristaean- 
thus,  from  the  Jurassic  group. 

A.  Selachoidei:  Sharks. 

The  elongate  cylindrical  body,  generally  terminating  in  a 
more  or  less  pointed  snout,  and  passing  into  a  powerful  and 
flexible  tail,  blade-like  at  its  extremity,  gives  to  the  Sharks  a 
most  extraordinary  power  of  swimming,  with  regard  to  en- 
durance as  well  as  rapidity  of  motion.  Many,  especially  the 
larger  kinds,  inhabit  the  open  ocean,  following  ships  for  weeks, 
or  pursuing  shoals  of  fishes  in  their  periodical  migrations. 
Other  laige-sized  sharks  frequent  such  parts  of  the  coast  as 
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^Dfifer  them  abundance  of  food;  whilst  the  majority  of  the 
nsmaller  kinds  are  shore  fishes,  rarely  leaving  the  bottom,  and 
^3ometimes  congr^ating  in  immense  numbers.  The  move- 
laments  of  sharks  resemble  in  some  measure  those  of  snakes, 
"tfieir  flexible  body  being  bent  in  more  than  one  curve  when 
:xnoving. 

Sharks  are  most  numerous  in  the  seas  between  the 
TTropics,  and  become  scarcer  beyond,  a  few  only  reaching  the 
^Arctic  circle ;  it  is  not  known  how  tar  they  advance  south- 
wards towards  the  Antarctic  region.  Some  species  enter  fresh 
waters,  and  ascend  large  rivers,  like  the  Tigris  or  Granges,  to 
a  considerable  distance.  The  pelagic  as  well  as  the  shore 
species  have  a  wide  geographical  range.  Very  few  descend 
to  a  considerable  depth,  probably  not  exceeding  500  fathoms. 
There  are  about  140  diflerent  species  known. 

Sharks  have  no  scales  like  those  of  other  fishes;  their 
integuments  are  covered  with  calcified  papillae  which,  under 
the  microscope,  show  a  structure  similar  to  that  of  teeth.  If 
the  papillae  are  small,  pointed,  and  close  set,  the  skin  is 
called  "  shagreen ; "  rarely  they  are  larger,  appearing  as 
bucklers  or  spines,  of  various  sizes. 

These  fishes  are  exclusively  carnivorous,  and  those  armed 
with  powerful  cutting  teeth  are  the  most  formidable  tyrants  of 
the  ocean.  They  have  been  known  to  divide  the  body  of  a 
man  in  two  at  one  bite,  as  if  by  the  sweep  of  a  sword. 
Some  of  the  largest  sharks,  however,  which  are  provided 
with  very  small  teeth,  are  almost  harmless,  feeding  on  small 
fishes  only  or  marine  invertebrates.  Others,  particularly  of 
the  smaller  kinds,  commonly  called  "*  Dog-fishes,"  have  short 
or  obtuse  teeth,  and  feed  on  shells  or  any  other  animal  sub- 
stance. Sharks  scent  their  food  from  a  distance,  being  readily 
attracted  by  the  smell  of  blood  or  decomposing  bodies. 

In  China  and  Japan,  and  many  other  eastern  countries, 
the  smaller  kinds  of  sharks  are  eaten.    Sharks'  fins  form  in 
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India  and  China  a  very  important  article  of  trade,  the 
Chinese  preparing  from  them  gelatine,  and  using  the  better 
sorts  for  culinary  purposes.  The  fins  are  obtained  not  ex- 
clusively from  Sharks  but  also  from  Bays,  and  assorted  in 
two  kinds,  viz.  "  white  and  black."  The  white  consist  ex- 
clusively of  the  dorsal  fins,  which  are  on  both  sides  of  the 
same  uniform  light  colour,  and  reputed  to  yield  more  gelatine 
than  the  other  fins.  The  pectoral,  ventral,  and  anal  fins  pass 
under  the  denomination  of  black  fins ;  the  caudal  fin  is  not 
used.  One  of  the  principal  places  where  shark  fishery  is 
practised  as  a  profession  is  Kurrachee.  Dr.  Buist,  writing  in 
1850  ("  Proc.  ZooL  Soc."  1850,  p.  100),  states  that  there  are 
thirteen  large  boats,  with  crews  of  twelve  men  each,  con- 
stantly  employed  in  this  pursuit ;  that  the  value  of  the  fins 
sent  to  the  market  varies  from  15,000  to  18,000  rupees; 
that  one  boat  will  sometimes  capture  at  a  draught  as  many 
as  one  hundred  sharks  of  various  sizes ;  and  that  the  number 
total  of  sharks  captured  during  the  year  amounts  probably  to 
not  less  than  40,000.  Large  quantities  are  imported  from 
the  African  coast  and  the  Arabian  Gulf,  and  various  ports  on 
the  coast  of  India.  In  the  year  1845-46,  8770  cwt.  of  sharks' 
fins  were  exported  from  Bombay  to  China. 

First  Family — CARCHARiiDiE.  • 

Eye  with  a  nictitating  membrane.  Mouth  creseerU-^haped, 
inferior.  Anal  fin  present.  Two  dorsal  fins,  the  first  opposite 
to  the  space  between  pectoral  and  ventral  fins,  without  spine  in 
front. 

Carcharias. — Snout  produced  in  the  longitudinal  axis  of  the 
body  ;  mouth  armed  with  a  series  of  large  flat  triangular  teeth, 
which  have  a  smooth  cutting  or  serrated  edge.  Spiracles  absent 
A  transverse  pit  on  the  back  of  the  tail,  at  the  root  of  the 
caudal  fin. 

This  genus  comprises  the  true  Sharks,  common  in  the 


I 
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CroXiical,  bat  less  bo  in  the  temperate  seas.    Between  thirty 
aiKd  forty  diffeient  species  have  been  distinguished,  of  which 


Tig.  II 2. —Dentition  oT  the  Bine  Shark  (Carchuias  gUucae) ; 
the  aingle  teeth  ore  of  the  natural  size. 

one  of  the  most  common  is  the  "  Blue  Shark "  (Carcharias 
J«»uct«),  Individuala  of  from  twelve  to  fifteen  feet  are  of 
'^"T"  common  occurrence,  but  some  of  the  species  attain  a 
■'^'ich  larger  size,  and  a  length  of  25  and  more  feet.  Fishes 
*'  this  genus  or  of  closely  allied  genera  {Corax,  Hemiprutis) 
*'^  Hot  uncommon  in  the  chalk  and  tertiary  formations. 

GiLBOOiano. — Teeth  large,  flat,  triaDguIar,  oblique,  serrated 
^  <Mt&  edges,  with  a  deep  notch  on  the  outer  margiu.  Spiracles 
^**IL  A  pit  on  the  tail,  above  and  below,  at  the  root  of  the 
''^W  fin.  Two  notches  on  the  under  caudal  border,  one  of 
*^«ni  at  the  end  of  the  spine. 

Three  species,  of  which  one  {0.  arctieus)  is  confined  to 
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the  arctic  and  sub-arctic  oceans.    The  others  inhabit  tem- 
perate and  tropical  seas,  and  all  attain  to  a  very  large  size. 

Galeus. — Snout  produced  in  the  longitudinal  axis  of  the 
body ;  teeth  equal  in  both  jaws,  rather  smaU,  flat,  triangular, 
oblique,  serrated  and  with  a  notch.  Spiracles  smalL  No  pit  at 
the  commencement  of  the  caudal  fin,  which  has  a  single  notch 
on  its  lower  margin. 

These  are  small  sharks,  commonly  called  "  Tope."  The 
species  found  on  the  British  coast  is  spread  over  nearly  all 
the  temperate  and  tropical  seas,  and  is  common  in  Cali- 
fornia and  Tasmania.  It  lives  on  the  bottom,  and  is  very 
troublesome  to  fishermen  by  constantly  taking  away  bait  or 
driving  away  the  fishes  which  they  desire  to  catch. 

Zygjbna. — ^The  anterior  part  of  the  head  is  broad,  flattened, 
and  produced  into  a  lobe  on  each  side,  the  extremity  of  which  is 
occupied  by  the  eye.  Caudal  fin  with  a  single  notch  at  its  lower 
margin.  A  pit  at  the  root  of  the  caudal  fin.  Spiracles  none. 
Nostrils  situated  on  the  front  edge  of  the  head. 

The  "  Hammerheads,"  or  Hammerheaded  Sharks,  have  a 
dentition  very  similar  to  that  of  Carcharias^  and  although 
they  do  not  attain  to  the  same  large  size,  they  belong 
to  the  most  formidable  fishes  of  the  ocean.    The  peculiar 
form  of  their  head  is  quite  unique  among  fishes;  young 
examples  have  the  lateral  extension  of  the  skull  much  less 
developed  than  adults.    Five  species  are  known,  which  are 
most  abundant  in  the  tropics.     By  far  the  most  common  is 
Zygcma  malleus,  which  occurs  in  nearly  aU  tropical  and  sub- 
tropical seas.    Specimens  of  this  species  may  be  often  seen 
ascending  from  the  clear  blue  depths  of  the  ocean  like  a 
great  cloud.     Cantor  found  in  a  female,  nearly  11  feet  long, 
thirty-seven  embryons. — Hammerheads  have  lived  from  the 
cretaceous  epoch. 

MusTELua — The  second  dorsal  fin  is  not  much  smaller  than 
the  first  No  pit  at  the  root  of  the  caudal,  which  is  without 
distinct   lower  lobe.     Snout  produced  in  the  longitudinal  axis 
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of  the  body.  Spiracles  small,  behind  the  eyes.  Teeth  small, 
numerons,  similar  in  both  jaws,  obtase,  or  with  very  indistinct 
cusps,  arranged  like  pavement 

The  "  Hounds  "  are  small  Sharks,  abundant  on  the  coasts 
of  all  the  temperate  and  tropical  seas ;  two  of  the  five  species 
known  occur  on  the  coasts  of  Europe,  viz.  M,  Icevis  and 
M.  vulgaris.  Closely  allied  as  these  two  species  are,  they  yet 
show  a  most  singular  difference,  viz.  that  a  placenta  is  de- 
veloped in  the  uterus  for  the  attachment  of  the  embryo  in 
Jtfl  IcBvis  (the  raX€09  XcJo?  of  Aristotle,  to  whom  this  fact 
was  already  known) ;  whilst  the  embryons  of  M.  vulgaris  are 
developed  without  such  placenta  (see  J,  MilUer,  "  AbhandL 
Ak.  Wiss."  BerL  1840).  The  Hounds  are  bottom  fish,  which 
feed  principally  on  shells,  crustaceans,  and  decomposing 
animal  substances. 

Several  other  genera  belong  to  the  family  CarchariidcB, 
but  it  will  be  sufficient  to  mention  their  names: — Hemi- 
gaieuSy  Zoxodan,  Thalassorhinvs,  Tricenodorif  Leptocarcharias, 
and  Triads. 

Second  Family — LAMNiDiE. 

Eye  wiiJunU  nictitating  memhrane.  Anal  Jin  present.  Two 
dorsal  Jins;  the  first  opposite  to  the  space  between  pectoral  and 
ventral  fins,  without  spine  in  front.  Nostrils  not  confittent 
with  the  mouth  which  is  infe/rvor.    Spiracles  absent  or  minute. 

All  the  fishes  of  this  family  attain  to  a  very  large  size,  and 
are  pelagic.  But  little  is  known  of  their  reproduction.  The 
first  appearance  of  this  family  is  indicated  by  Carcharopsis, 
a  genus  from  carboniferous  formations,  the  teeth  of  which 
differ  from  those  of  Carcharodon  only  by  having  a  broad  fold 
at  the  base.  In  the  chalk  and  tertiary  formations  almost 
all  the  existing  genera  are  represented ;  and,  besides,  Oxyies, 
Sphenodus,  Oomphodus,  and  Ancistrodon,  which  are  known 
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from  teeth  only,  have  been  considered  generically  distmct 
from  the  living  Porbeagles. 

Lamna  (Oxtrhina). — The  second  dorsal  and  anal  are  very  small 
A  pit  at  the  root  of  the  caudal,  which  has  the  lower  lobe  mach 

developed.  Side  of  the  tail  with  a  prominent 
longitudinal  keel.  Mouth  wide.  Teeth  large, 
lanceolate,  not  serrated,  sometimes  with  addi- 
tional basal  cusps.  On  each  side  of  the  upper 
Fig.  113.— Upper  and  jaw,  at  some  distance  from  the  symphysis,  there 
lower  tooth  of  Lamna.  ^  ^^^  ^^  ^^^    ^^^j^    conspicuously    smaUer 

than  the  others.     Gill-openings  very  wide.     Spiracles  minute. 

Of  the  "  Porbeagles,"  three  species  have  been  described, 
of  which  the  one  occurring  in  the  North  Atlantic,  and  fre- 
quently straying  to  the  British  coasts  (i.  camvhica),  is  best 
known.  It  attains  to  a  length  of  ten  feet,  and  feeds  chiefly 
on  fishes;  its  lanceolate  teeth  are  not  adapted  for  cutting, 
but  rather  for  seizing  and  holding  its  prey,  which  it  appears 
to  swallow  whole.  According  to  Pennant  it  is  viviparous ; 
only  two  embryoes  were  found  in  the  female  which  came 
under  his  observation.  Haast  has  found  this  species  also  off 
the  coast  of  New  Zealand. 

Carcharodon. — ^The  second  dorsal  and  anal  are  very  small 
Pit  at  the  root  of  the  caudal,  which  has  the  lower  lobe  well  de- 
veloped. Side  of  the  tail  with  a  prominent  longitudinal  keeL 
Mouth  wide.  Teeth  large,  flat,  erect,  regularly  triangular,  ser- 
rated. On  each  side  of  the  upper  jaw,  at  some  distance  from  the 
symphysis,  there  is  one  or  two  teeth  conspicuously  smaller  than 
the'  others.     GiU-openings  wide. 

One  species  only  is  known  {C.  rondeletii),  which  is  the 
most  formidable  of  all  Sharks.  It  is  strictly  pelagic ;  and 
appears  to  occur  in  all  tropical  and  sub- tropical  seas.  It 
is  known  to  attain  to  a  length  of  40  feet.  The  tooth  figured 
here,  of  the  natural  size,  is  taken  from  a  jaw  20  inches  wide 
in  its  transverse  diameter  (inside  measure),  each  half  of  the 
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jiandible  measuring  22  inches/     The  whole  length  of  the 
was  36J  feet. 
Carcharodon  teeth  are  of  very  common  occurrence  in 

"X'arious    tertiary  strata,  and 

^ave  been  referred  to  several 
species,  affording  ample  e^d- 
dence  that  this  ty^pe  was  much 
more  numerously  represented 
in  that  geological  epoch  than 
in  the  recent  fauna.  Some 
individuals  attained  to  an 
inmiense  size,  as  we  may 
judge  from  teeth  found  in 
the  Crag,  which  are  4  inches 
wide  at  the  base,  and  5  inches 
long,  measured  along  their 
lateral  margin.  The  natural- 
ists of  the  "Challenger"  expe- 
dition have  made  the  highly  interesting  discovery  that  teeth 
of  similar  size  are  of  common  occurrence  in  the  ooze  of  the 
Pacific,  between  Polynesia  and  the  west  coast  of  America. 
As  we  have  no  record  of  living  individuals  of  that  bidk  hav- 
ing been  observed,  the  gigantic  species  to  which  these  teeth 
belonged  must  have  become  extinct  within  a  comparatively 
recent  period.  Nothing  is  known  of  the  anatomy,  habits, 
and  reproduction  of  the  surviving  species,  and  no  oppor- 
tunity should  be  lost  of  obtaining  information  on  this  Shark. 

Odontaspis. — ^The  second  dorsal  and  anal  are  not  much  smaller 
than  the  first  dorsal.  No  pit  at  the  root  of  the  caudal  Side  of 
the  tail  without  keel.  Mouth  wide.  Teeth  large,  awl-shaped, 
-with  one  or  two  small  cusps  at  the  base.  Gill-openings  of  mode- 
rate width. 

Large  Sharks  from  tropical  and  temperate  seas;  two  species. 

1  The  cartilaginous  jaws  of  Sharks  shrink  at  least  a  third  in  drying,  and, 
therefore,  cannot  be  kept  at  full  stretch  without  tearing. 

Y 


Fig.  114. — ^Tooth  of  Carcharodon 
rondeletii. 
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Alopecias. — The  second  dorsal  and  anal  veiy  small.  Caudal 
fin  of  extraordinary  length,  with  a  pit  at  its  root.  No  keel  on 
the  side  of  the  tail  Mouth  and  gill-openings  of  moderate  width. 
Teeth  equal  in  both  jaws,  of  moderate  size,  flat,  triangular,  not 
serrated. 

This  genus  consists  of  one  species  only,  which  is  known 
by  the  name  of  "  Fox-shark  "  or  "  Thresher.'*  It  is  the  most 
common  of  the  larger  kinds  of  Sharks  which  occur  on  the 
British  coasts;  and  seems  to  be  equally  common  in  other 
parts  of  the  Atlantic  and  Mediterranean,  as  well  as  on  the 
coasts  of  Califomia  and  New  Zealand.  It  attains  to  a  length 
of  fifteen  feet,  of  which  the  tail  takes  more  than  one  half; 
and  is  quite  harmless  to  man.  It  follows  the  shoals  of  Her- 
rings, Pilchards,  and  Sprats  in  their  migrations,  destroying 
incredible  numbers.  When  feeding  it  uses  the  long  tail  in 
splashing  the  surface  of  the  water,  whilst  it  swims  in  gradu- 
ally decreasing  circles  round  a  shoal  of  fishes,  which  are  thus 
kept  crowded  together,  falling  an  easy  prey  to  their  enemy. 
Statements  that  it  has  been  seen  to  attack  Whales  and  other 
large  Cetaceans,  rest  upon  erroneous  observations. 

Selache. — The  second  dorsal  and  anal  very  small  A  pit  at 
the  root  of  the  caudal  fin,  which  is  provided  with  a  lower  lobe. 
Side  of  the  tail  with  a  keeL  Gill-openings  extremely  wide.  Teeth 
very  small,  numerous,  conical,  without  serrature  or  lateral  cusps. 

Also  this  genus  consists  of  one  species  only,  the  "  Basking 
Shark  "  (Pflerin  of  the  French).  It  is  the  largest  Shark  of 
the  North  Atlantic,  growing  to  a  length  of  more  than  thirty 
feet.  It  is  quite  harmless  if  not  attacked ;  its  food  consisting 
of  small  fishes,  and  other  small  marine  animals  swinmiing  in 
shoals.  On  the  west  coast  of  Ireland  it  is  chased  for  the  sake 
of  the  oil  which  is  extracted  from  the  Uver,  one  fish  yielding 
from  a  ton  to  a  ton  and  a-half.  Its  capture  ia  not  unattended 
with  danger,  as  one  blow  from  the  enormously  strong  tail  is 
sufficient  to.  stave  in  the  sides  of  a  large  boat.    At  certain 
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seasons  it  is  gregarious,  and  many  specimens  may  be  seen  in 
calm  weather  lying  together  motionless,  with  the  upper  part 
of  the  back  raised  above  the  surface  of  the  water ;  a  habit 
from  which  this  Shark  has  derived  its  name.  The  buccal  and 
branchial  cavities  are  of  extraordinary  width,  and,  in  conse- 
quence of  the  flabby  condition  of  those  parts,  the  head  pre- 
sents a  variable  and  singular  appearance  in  specimens  Ijnuig 
dead  on  the  ground.  This  peculiarity,  as  well  as  the  circum- 
stance that  young  specimens  have  a  much  longer  and  more 
pointed  snout  than  adult  ones,  has  led  to  the  erroneous  opinion 
that  several  different  genera  and  species  of  Basking  Shark 
occur  in  the  European  seas.  The  branchial  arches  of  Selache 
are  provided  with  a  very  broad  fringe  of  long  (five  to  six  inches) 
and  thin  gill-rakers,  possessing  the  same  microscopical  struc- 
ture as  the  teeth  and  dermal  productions  of  Sharks.  Similar 
gill-rakers  have  been  found  in  a  fossil  state  in  the  Crag  of 
Anvers  in  Belgium,  proving  the  existence  of  this  Selachian 
type  in  the  tertiary  epoch.  Nothing  is  known  of  the  repro- 
duction of  this  fish.  The  latest  contributions  to  its  history 
are  by  Steenstrup  in  "Overs.  Dansk.  Vidensk.  Selsk.,  For- 
handL"  1873,  and  by  Pavesi  in  "  Annal.  Mus.  Civ.  Geneva," 
1874  and  1878. 

Thibd  Family — RHiNODONXiDiE. 

No  nictitating  membrane.  Anal  fin  present^  Two  dorsal 
fins^  the  first  nearly  opposite  to  the  ventrals,  toithout  spine  in 
yront.    Movih  and  nostril  near  the  extremity  of  the  snout. 

This  small  family  comprises  one  species  only,  Bhinodon 
typicus,  a  gigantic  Shark,  wliich  is  known  to  exceed  a  length 
of  fifty  feet,  but  is  stated  to  attain  that  of  seventy.  It  does 
not  appear  to  be  rare  in  the  western  parts  of  the  Indian 
Ocean,  and  possibly  occurs  also  in  the  Pacific.  It  is  one 
of  the  most  interesting  forms,  not  unlike  the  Basking  Shark 
of  the  Northern  Seas,  having  gill-rakers  like  that  species; 
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but  very  little  is  known  of  its  structure  and  mode  of  life. 
It  is  perfectly  harmless,  its  teeth  being  extremely  small  and 
numerous,  placed  in  broad  bands ;  it  has  been  stated  to  feed 
on  tang,  an  observation  which  requires  confirmation.  The 
snout  is  very  broad,  short,  and  flat ;  the  eyes  are  very  smaU. 
A  pit  at  the  root  of  the  caudal  fin  which  has  the  lower 
lobe  well  developed ;  side  of  the  tail  with  a  keeL  A  charac- 
teristic figure  of  this  fish  has  been  given  by  A.  Smith  in  his 
"  Illustrations  of  the  Zoology  of  South  Afirica,"  Plate  26,  from 
a  specimen  which  came  ashore  at  the  Cape  of  Grood  Hope. 


FouKTH  Family — NoTiDANiDiE. 

No  nictitating  membrane.     One  dorsal  fin  only,  ivithmt 
spine,  opposite  to  the  anal. 


Fig.  115. — Dentition  of  Notidanns  indicus.     a,  teeth  in  function ;  i,  teeth  in 
reseiTe  ;  u,  upper,  and  I,  lower,  tooth,  of  natural  size. 
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NoTiDANus. — Dentition  unequal  in  the  jaws :  in  the  upper 
jaw  one  or  two  pairs  of  awl-shaped  teeth,  the  following  six  being 
Iroader,  and  provided  with  several  cusps,  one  of  which  is  much 
the  strongest.  Lower  jaw  with  six  large  comb-like  teeth  on  each 
side,  beside  the  smaller  posterior  teeth.  Spiracles  small,  on  the 
side  of  the  neck  No  pit  at  the  root  of  the  caudal  fin.  Gill- 
openings  wide,  six  in  number  in  HexanchuSj  seven  in  Hqjtan- 
cJtus. 

Four  species  are  known,  distributed  over  nearly  all  the 
tropical  and  sub-tropical  seas ;  they  attain  to  a  length  of 
about  fifteen  feet.  Fossil  teeth  belonging  to  this  ty^pe  have 
been  found  in  Jurassic  and  later  formations  {Notidamis  and 
Adlopos), 

Fifth  Family — Scylliid-s. 

Two  dorsal  fins,  tvithout  spine :  the  first  above  or  behind 
tJie  ventrals;  anal  fin  present.  No  nictitating  merabrane. 
Spiracle  alicays  distinct.  Mouth  inferior.  Teeth  small,  several 
series  generally  being  in  function, 

ScTLUUM. — The  origin  of  the  anal  fin  is  always  in  advance 
of  that  of  the  second  dorsal.  Nasal  cavity  separate  from  the 
mouth.  Teeth  small,  with  a  middle  longer  cusp,  and  generally 
one  or  two  small  lateral  cusps  arranged  in  numerous  series.  Eggs 
similar  to  those  of  the  Eays  (Fig.  79,  p.  167). 

The  fishes  of  this  genus  are  of  small  size,  and  commonly 

called  "  Dog-fishes."    They  are  coast  fishes,  living  on  the 

bottom,  and  feeding  on  Crustaceans,  dead  fishes,  etc.     None 

of  the  eight  species  known  have  a  very  wide  distribution,  but 

^lere  they  occur  they  are  generally  sufficiently  abundant  to 

prove  troublesome  to  fishermen.     Tliey  inhabit  most  parts  of 

the  temperate  and  tropical  seas.      On  the  British  coasts  two 

species  are  found,  the  "  Larger"  and  "  Lesser  spotted  Dog-fish," 

Scyllium  canictda  and  Scylliuvi  catidus,  which  are  said  to  be 

more  plentiful  among  the  Orkney  Islands  than  elsewhere. 

They  are  scarcely  ever  brought  to  market ;  but  the  fishermen 

of  some  localities  do  not  disdain  to  eat  them.     Their  flesh  is 
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remarkably  white,  a  little  fibrous,  and  dry.  In  the  Orkneys 
they  are  skinned,  split  up,  cleaned,  and  then  spread  out  on 
the  rocks  to  dry  for  home  consumption.  The  skins  are  used 
for  smoothing  down  cabinet-work.  It  would  be  worth  while 
to  apply  the  fins  of  these  and  other  Sharks,  which  are  so 
extensively  used  in  China  for  making  gelatine  soups,  to  the 
same  purpose  in  this  country,  or  to  dry  them  for  exportation 
to  the  East.  Most  of  the  species  of  Dog-fishes  are  spotted, 
and  those  of  the  allied  genera,  Parascyllium  and  Chiloscyllium, 
very  handsomely  ornamented. 

Closely  allied  to  Scyllium  is  Pristiurus,  from  the  coasts 
of  Europe,  which  is  provided  with  a  series  of  small  flat  spines 
on  each  side  of  the  upper  edge  of  the  caudal  fin. 

Fossil  forms  of  Dog-fishes  are  not  scarce  in  the  lias  and 
Chalk  :  ScyllioduSy  Pakcoscyllium,  Thyellina,  Pristiurus. 

GiNQLYMosTOMA. — ^Ths  second  dorsal  fin  opposite  to,  and 
somewhat  in  advance  of,  the  anaL  Eyes  very  small ;  spiracle 
minute  and  behind  the  eye.  Nasal  and  buccal  cavities  confluent. 
The  nasal  valves  of  both  sides  form  one  quadrangular  flap  in 
front  of  the  mouth,  each  being  provided  with  a  free  cylindrical 
cirrhus.  The  fourth  and  fifth  gill-openings  are  close  together. 
The  teeth  stand  either  in  many  series,  each  having  a  strong 
median  cusp  and  one  or  two  smaller  ones  on  each  side  {Oingly- 
moatoma),  or  they  stand  in  a  few  (three)  series  only,  the  fore- 
most only  being  in  function,  and  each  tooth  having  a  convex, 
finely  and  equally  serrated  margin  (Nebrius). 

Four  species  from  the  tropical  parts  of  the  Atlantic  and 

Indian  Oceans,  attaining   to    a   length  of   some   12   feet 

Pelagic. 

Stegostoma. — ^The  first  dorsal  above  the  ventrals,  the  second 
in  advance  of  the  anal,  which  is  very  close  to  the  caudal  Tail, 
with  the  caudal  fin,  exceedingly  long,  measuring  one-half  of  the 
total  length.  Eyes  very  small,  spiracle  as  wide  as,  and  situated 
behind,  the  orbit.  Nasal  and  buccal  cavities  confluent  Snout 
very  obtuse ;  upper  lip  very  thick,  like  a  pad,  bent  downwards 
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over  the  montlt,  with  a  free  cylindrical  cinfaus  on  each  Bide. 
Teeth  small,  trilobed,  in  many  Beries,  occupying  in  both  jaws  a 
transTerse  flat  aub-quadrangular  patch.  The  fourth  and  fifth 
gill-openings  are  close  together. 

The  single  species  (Si.  tigrinum)  for  which  this  genue  has 
been  formed,  is  one  of  the  commonest  and  handsomest  sharks 
of  the  Indian  Ocean.  Young  individuals  keep  generally  close 
to  the  coasts,  whilst  the  adult,  which  are  from  10  to  15  feet 
long,  are  not  raielj  met  in  the  open  ocean.  The  colour  is  a 
brownish  yellow,  ornamented  with  black  or  brown  transverse 
bands,  or  with  snufif-coloured  rounded  spots;  hence  this  shark 
is  frequently  mentioned  by  the  names  oi  "  Zebra-Shark  "  or 
"  Tiger-Shark." 
.    Chilobctujum. — ^The  first  dorsal  fin  above  or  behind  the  ven- 


Rg.  116. — Chilosejllium  trispecolnre,  from  North-western  AuatrBlia. 

trals.     Anal  fin  placed  far  behind  the  second  dorsal,  and  very 

close  to  the  caudal.   Spiracle  very  ^ — ^  ~ 

distinct,  below  the  eye.     iNasal    \r 

and    buccal    cavities    confiuent. 

^asal  valve  folded,  with  a  cirrhus. 

7eeUi  small,  triangular,  with  or 

iritbout  lateral  cusps.     The  two 

last  gill-openings  close  together. 

"  Dog-fishes,"  from  the  In- 
dian Ocean,  of  small  size.  Four 
species  are  known,  of  which 
one,  Ch,  indicum,  is  one  of  the    Fig.  117. Confluent  nawl  uiil  buccal 

commonest  shore-fishes  on  the  *=""*'"  "'  **"  "^'  ^''''■ 

coasts  of  this  region,  extending  from  the  southern  extremity 
of  the  African  Continent  to  Japan, 


CBOBBORHiNua — The  first  doreal  behind  the  ventrals,  the  second 
in  advance  of  the  anal,  which  is  very  close  to  the  caudal  TaO 
rather  short  Eyes  small.  Spiracle  a  wide  oblique  slit,  behind 
and  below  the  eye.  Nasal  asd  buccal  cavities  confluent.  Head 
broad,  flat,  with  the  snout  very  obtase ;  mouth  wide,  nearly 
anterior.  A  free  nasal  cirrhus ;  sides  of  the  head  with  skinny 
appendages.  Anterior  teeth  rather  large,  long  and  slender, 
without  lateral  lobes,  the  lateral  tricuspid,  smaller,  fonning  a  few 
series  only.     The  fourth  and  fifth  ^ll-openings  close  together. 

Three  species  are  known  &om  the  Australian  and  Japanese 
coasts.  They  are  evidently  ground-sharks,  Tchicli  lie  concealed 
on  the  bottom  watching  for  their  prey.  In 
accordance  with  this  liabit  their  colour  closely 
assimilates  that  of  a  rock  or  stone  co^'ered 
with  short  vegetable  and  coralline  growth — a 
resemblance  increased  by  the  frond-like  ten- 
tacles on  the  side  of  the  head.  This  peculi- 
arity of  the  integuments,  wliich  is  developed 
in  a  yet  higher  d^ree  in  Pediculati  and 
Lophobranchs,  is  not  met  with  in  any  other 
Selachian,  These  Sharks  grow  to  a  length  of 
10  feet. 

Sixth  Family — Hybodostidje. 
Tivo  dorsal  fins,  racli  icilk  a  serrated  spine. 
Teeth  rounded,  Imvjittidinally  striated,  iriih  one 
larger,  and  from  tieo  to  four  smaller  lateral 
cu^is.     Skin  covered  mth  shagreen. 

Extinct     Fi-om  carboniferous,  liassic,  and 

triussic  formations.     Several  genera  have  been 

distinguished ;  and  if  Cladodus  belongs  to  this 

family,  it  would  have  been  represented  even 

w     ,,„     „  ,    in  the  Devonian. 

Fig.   118.  — Spine 
ofHybodnHsnb- 

Sevekth  Family — CESTRACiONTiD.fi. 


Ko   nielitatiwj   jncntbrane.      Tico    dorsal  fins,   the  first 
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Opposite  to  the  space  between  pectoral  a?id  ventral  fins;  anal  fin 
jn-eaent.     Nasal  and  buccal  cavities  eonfiuent.     Teeth  obttrse, 

several  scries  being  in  function. 

This   family   is   one   of  particular  interest,  because   re- 
presentatives of  it   occur  in 

numerous    modifications    in 

primary  and  secondary  strata. 

Their  dentition  is  uniformly 

adapted  for  the  prehension 

and  mastication  of  crusta- 
ceous  and  hard-shelled  ani- 
mals. Tlie  fossil  forms  far 
exceeded  in  size  the  species 
of  the  only  surviving  geims;  ^'s- 
tliey  make  their  appearance 
^th  Ctenc^tyehim  in  the  Devonian 


CestrHcion  |>hilippL 

this  is  succeeded  in 


Fig,  120.— Upper  jaw  of  the  sanm,  halt  natural  nizs. 
wft  coal-measures  by  Psammodus,  Chomatmlus,  Petrodus,  Coch- 
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liodta,  PUyrkiaodm,  etc. ;  in  the  Trias  and  Chalk  by  Stroj^- 

^^»j-j^  odua,  Aerodus,  Tluetodm,  and  Ptycho- 

j^^^^^^^^      dvs.    Of  the  25  genera  known,  22  have 

^^^^^^^^^^   lived   in    the    periods    preceding  the 

^BW    VH|   Oolitic. 

^{^  Cestracion    (HBTKBODOsmra).  —  Esch 

Fig.  121.— CochliodoB      dorsal  fin  armed  with  a  spine  in  front ;  the 

"*"     ""'  second  in  advance  of  the  anaL    Mouth 

rather  narrow.     Spiracles  small,  below  the  posterior  part  of  the 

ey&     Gill-openings  rather  narrow.     Dentition  similar  in  both 

jaws,  viz,  email  obtuse  teeth  in  front,  which  in  yonog  individuals 


Fig.  122. — CutncioD  galutns,  Aiutnlia. 
are  pointed  and  provided  with  from  three  to  five  cusps.     The 
lateral  teeth  are  large,  padlike,  twice  as  broad  as  long,  arranged 
in  oblique  series,  one  series  being  formed  by  much  larger  teeth 
than  those  in  the  other  series. 

Four  species  are  known  from  Japan,  Amboyna,  Australia, 
the  Galapr^es  Islands,  and  California ;  none  exceed  a  length 
of  5  feet.     The  ^g  has  been  figured  on  p.  1C8  (Fig.  80). 

Eighth  Family — Spisacid*. 

iV'o  mfmbrana  nictitans.  Thm  dorsal  Jins ;  no  anal.  Mouth 
but  dighily  arched ;  a  low/,  deep,  straight,  oblique  groove  on 
each  side  of  the  moutfi.  Spiracles  present ;  ffill-openings  narrow. 
Pectoral  ^n.t  not  notched  at  their  origin. 

Tlie  oldest  representative  of  this   family  (Pakeo^iua) 
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occurs  at  Lyme  Begis ;  its  skin  is  granular ;  each  dorsal  fin 
possesses  a  spine ;  the  teeth  in  the  jaws  are  dissimilar — the 
upper  being  multicuspid,  longitudinally  ribbed  as  in  Hybodus, 
the  lower  smooth  and  tricuspid.  DrepanopTuyms  and  Spinax 
jprimccvus  occur  in  Cretaceous  formations  of  England  and  the 
Lebanon. 

Centrika. — Each  dorsal  fin  with  a  strong  spine.  Trunk  rather 
elevated,  trihedral,  with  a  fold  of  the  skin  running  along  each 
side  of  the  belly.  Teeth  of  the  lower  jaw  erect,  triangular,  finely 
serrated ;  those  of  the  upper  slender,  conical,  forming  a  group  in 
front  of  the  jaw.     Spiracles  wide,  behind  the  eye. 

One  species,  CeTvtrbui  salviani,  from  the  Mediterranean 

and  neighbouring  parts  of  the  Atlantic ;  of  small  size. 

AcANTHiAS. — Each  dorsal  fin  with  a  spine.  Teeth  equal  in 
both  jaws,  rather  small ;  their  point  is  so  much  turned  aside 
that  the  inner  margin  of  the  tooth  forms  the  cutting  edge. 
Spiracles  rather  wide,  immediately  behind  the  eye. 

The  two  species  of  "  Spiny  Dog-fishes,"  A.  vulgaris  and 

A.  blainvilliiy  have   a  very  remarkable  distribution,  being 

found  in  the  temperate  seas  of  the  Northern  and  Southern 

Hemispheres,  but  not    in  the   intermediate  tropical  zone. 

They  are  of  small  size,  but  occur  at  times  in  incredible 

numbers,  20,000   having  been  taken  in  one  scan  on  the 

Cornish  coast.     They  do  much  injury  to  the  fishermen  by 

cutting  their  lines  and  carrying  off  their  hooks. 

Centrophorus. — Each  dorsal  fin  with  a  spine  which,  however, 

^  ^metimes  so  small  as  to  be  hidden  below  the  skin.     Mouth 

'^'de.     Teeth  of  the  lower  jaw  with  the  point  more  or  less  in- 

wiUed  backwards  and  outwards.     Upper  teeth  erect,  triangular, 

^^  ^^rrow,  lanceolate,  with  a  single  cusp.     Spiracles  wide,  behind 

^"^^  ^ye. 

Ilight  species  are  known  from  the  southern  parts  of  the 
*^^^pean  seas,  and  one  from  the  Moluccas;  they  do  not 
^PP^ar  to  exceed  a  length  of  five  feet.     According  to  the 
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observations  of  E.  P.  Wright,  some  of  the  species  at  least  live 
at  a  considerable  depth,  perhaps  at  a  greater  depth  than  any 
of  the  other  known  Sharks.  The  Portuguese  fishermen  fish 
for  them  in  400  or  500  fathoms  with  a  line  of  some  600 
fathoms  in  lengtL  The  Sharks  caught  were  specimens  of 
Centrophorvs  coelolepis,  from  three  to  four  feet  long.  "  These 
sharks,  as  they  were  hauled  into  the  boat^  fell  down  into  it 
like  so  many  dead  pigs  ;  there  was  not  the  smallest  motion  of 
their  bodies.  There  can  be  no  reasonable  doubt  that  they 
were  inhabitants  of  the  same  great  depth  as  Hyalonema^'  and 
that,  in  fact,  they  were  kiUed  by  being  dragged  to  the  surface 
from  tlie  pressure  of  water  under  which  they  lived.  The 
dermal  productions  of  some  of  the  species  have  a  very  peculiar 
form,  being  leaf-shaped,  pedunculate,  or  ribbed,  or  provided 
with  an  impression. 

Spixax. — Each  dorsal  fin  with  a  spine.  Teeth  of  the  lower 
jaw  with  the  pomt  so  much  turned  aside  that  the  inner  margin 
of  the  tooth  forms  the  cutting  edge.  Upper  teeth  erect,  each 
with  a  long-pointed  cusp  and  one  or  two  small  ones  on  each  side. 
Spiracles  wide,  superior,  behind  the  eye. 

Three  small  species  from  the  Atlantic  and  the  southern 
extremity  of  America.  Centroscyllium  is  an  allied  genus 
from  the  coast  of  Greenland. 

ScYMXUS. — Two  short  dorsal  fins  without  spine,  the  first  at  a 
considerable  distance  from  the  ventrals.  Dermal  productions 
uniformly  small.  Nostrils  at  the  extremity  of  the  snout.  Upper 
teeth  small,  pointed ;  lower  much  larger,  dilated,  erect,  triangular, 
not  very  numerous.     Spiracles  wide. 

A  single   species,   S.  liehia,   is  rather  common  in  the 

Mediterranean  and  the  neighbouring  parts  of  the  Atlantic. 

L^M ARGUS. — All  the  fins  small ;  two  dorsal  fins,  without 
spine,  the  first  at  a  considerable  distance  from  the  ventrals. 
Skin  uniformly  covered  with  minute  tubercles.  Nostrils  near 
the  extremity  of  the  snout.      The  upper  teeth  small,  narrow. 
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conical ;  the  lower  teeth  numeToue,  in  several  series,  the  point 


^*g.  123.— Dentitioii  of  the  Oreenluia  Sliark.     Some  teeth  are  represented 
o[  the  mtiiTal  Biie  ;  those  of  the  lower  jaw  in  tliree  seriea. 

"^  ntuch  turned  aside  that  the  inner  mat  gin  forms  a.  cutting,  non* 
"•Tated  edge.     Jaws  feeble.     Spiracles  of  moderate  width. 

The  "Greenland  Shark"  is  an  inhabitant  of  the  Arctic 
'^g^ona,  but  rarely  straying  to  the  latitudes  of  great  Britain ; 
'*"  gPows  to  a  length  of  about  15  feet,  and,  although  it  never 
^^  wnt  rarely  attacks  man,  is  one  of  the  greatest  enemies  of 
ttie  whale,  wliich  is  often  found  with  large  pieces  bitten  out 


Fig.  124. — Ltemaigtu  barmlis,  GreeDlaud  Shark. 

tl»e  tail  by  this  Shark.      Its  voracity  is  so  great  tliat, 

*^Ording  t«  Scoresby,  it  is  absolutely  fearless  of  the  presence 

iXian  whilst  engaged  in  feeding  on  the  carcase  of  a  whale, 

*i»at  it  can  be  pierced  through  with  a  spear  or  knife  with- 

**^  "being  driven  away.     It  is  stated  to  be  viviparous,  and  to 

^***d.uce  about  four  young  at  a  birth, 

£cHiiiORmin;& — Two  very  small  dorsal  fins,  without  spine, 
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the  first  opposite  to  the  ventrals.  Skin  with  scattered  large 
roand  tubercles.  Nostrils  midway  between  the  mouth  and  the 
end  of  the  snout  Teeth  equal  in  both  jaws,  very  oblique,  the 
point  being  turned  outwards ;  several  strong  denticulations  on 
each  side  of  the  principal  point     Spiracles  smalL 

The  "  Spinous  Shark  "  is  readily  recognised  by  the  short 
bulky  form  of  its  body,  short  tail,  and  large  spinous  tubercles. 
It  is  evidently  a  ground-shark,  ^hich  probably  lives  at  some 
depth  and  but  accidentally  comes  to  the  surface.  More 
frequently  met  with  in  the  Mediterranean,  it  has  been  found 
several  times  on  the  south  coast  of  England,  and  near  the 
Cape  of  Good  Hope. 

EuprotoTTiiicrus  and  Isistius  are  two  other  genera  of  this 
family ;  they  are  pelagic  and  but  little  known. 

Ninth  Family — RniNiDiE. 

No  anal  fin  ;  two  dorsal  fim^.  Spirades  present.  Pectoral 
fins  large,  with  the  basal  portion  prolonged  forwards,  but  not 
grown  to  the  head. 

Ehina.-— Head  and  body  depressed,  flat ;  mouth  anterior. 
Gill-openings  rather  wide,  lateral,  partly  covered  by  the  base  of 
the  pectoral.  Spiracles  wide,  behind  the  eyes.  Teeth  conical^ 
pointed,  distant.     Dorsal  fins  on  the  taiL 

The  "Angel-fish,"  or  "Monk-fish"  {Bh.  s^uatina),  ap- 
proaches the  Rays  as  regards  general  form  and  habits.  With- 
in the  temperate  and  tropical  zones  it  is  almost  cosmopolitan, 
being  well  known  on  the  coasts  of  Europe,  eastern  North 
America,  California,  Japan,  South  Australia,  etc ;  it  does  not 
seem  to  exceed  a  length  of  five  feet ;  it  is  viviparous,  produc- 
ing about  twenty  young  at  a  birtL 

Extinct  forms,  closely  allied  to  the  "Angel-fish,"  wre 
foimd  in  the  Oolite,  and  have  been  described  as  Thaumas. 
The  carboniferous  genus,  Orthacanthus,  may  have  been  allied 
to  this  family,  but  it  was  armed  with  a  spine  immediately 
behind  the  head. 
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Tenth  Family — PRisTioPHORiDiE. 

The  rostral  cartilage  is  produced  into  an  exceedingly  lo7ig, 
flat  lamina,  armed  along  each  edge  with  a  series  of  teeth  (saw). 

These  Sharks  resemble  so  much  the  common  Saw-fishes 
as  to  be  easily  confounded  with  them,  but  their  gill-openings 
are  lateral,  and  not  inferior.  They  are  also  much  smaller  in 
size,  and  a  pair  of  long  tentacles  are  inserted  at  the  lower 
side  of  the  saw.  The  four  species  known  (JPristiophorus)  occur 
in  the  Australian  and  Japanese  seas. 

Squaloraja,  from  the  Lias,  is  supposed  to  have  its  nearest 
affinities  to  this  family. 

B.  Batoidei — Rays. 

In  the  typical  Bays  the  body  is  excessively  depressed, 
and  forms,  with  the  expanded  pectoral  fins,  a  circular  or 
8ub-rhomboidal  disk,  of  which  the  slender  tail  appears  as  a 
more  or  less  long  appendage.  In  the  two  families  which  we 
shall  place  first  {Pristidce  and  Khinohatidw),  the  general  habit 
of  the  body  still  resembles  that  of  the  Sharks,  but  the  gill-open- 
ings  are  ventral,  as  in  the  true  Bays ;  the  anal  fin  is  invariably 
ahsent,  and  the  dorsal  fins,  if  developed,  are  placed  on  the 
tail  The  mode  of  life  of  those  fishes  is  quite  in  accordance 
^th  the  form  of  their  body.  Whilst  the  species  with  a 
shark-like  body  and  muscular  tail  swim  freely  through  the 
^ater,  and  are  capable  of  executing  rapid  and  sustained 
motions,  the  true  Bays  lead  a  sedentary  life,  moving  slowly 
on  the  bottom,  rarely  ascending  to  the  surface.  Their  tail 
has  almost  entirely  lost  the  function  of  an  organ  of  locomo- 
tion, acting  in  some  merely  as  a  rudder.  They  progress  solely 
^1  means  of  the  pectoral  fins,  the  broad  and  thin  margins  of 
^hich  are  set  in  an  undulating  motion,  entirely  identical 
^th  that  of  the  dorsal  and  anal  fins  of  the  Fleuro7Uctidw. 
They  are  exclusively  carnivorous,  like  the  Sharks,  but  unable 
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to  pursue  and  catch  rapidly-moving  animals ;  therefore  they 
feed  chiefly  on  molluscous  and  crustaceous  animals.  How- 
ever,  the  colour  of  their  integuments  assimilates  so  closely 
that  of  their  surroundings,  that  other  fishes  approach  them 
near  enough  to  be  captured  by  them.  The  mouth  of  Eays 
being  entirely  at  the  lower  surface  of  the  head,  the  prey  is 
not  directly  seized  with  the  jaws ;  but  the  fish  darts  over  its 
victim  so  as  to  cover  and  hold  it  down  with  its  body,  when  it 
is  conveyed  by  some  rapid  motions  to  the  mouth. 

Eays  do  not  descend  to  the  same  depth  as  Sharks ;  with  one 
exception,^  at  least,  none  have  been  known  to  have  been  caught 
by  a  dredge  worked  in  more  than  100  fathoms.  The  majority 
are  coast  fishes,  and  have  a  comparatively  limited  geographical 
range,  none  extending  from  the  northern  temperate  zone  into 
the  southern.  However,  some,  if  not  all  the  species  of  the 
family  Myliobatidcc,  which  includes  the  giants  of  this  division 
of  Plagiostomes,  have  a  claim  of  being  included  among  the 
Pelagic  fishes,  as  they  are  frequently  met  with  in  the  open 
ocean  at  a  great  distance  from  the  shore.  It  is  probable 
that  the  occurrence  of  such  individuals  in  the  open  sea  indi- 
cates the  neighbourhood  of  some  bank  or  other  comparatively 
shallow  locality.  Many  species  are  exclusively  confined  to 
fresh  water,  and  occur  far  inland,  especially  in  tropical 
America. 

The  majority  are  oviparous.  All  have  five  pairs  of  gill- 
openings.  The  number  of  known  species  is  about  the  same 
as  that  of  Sharks,  viz.  140. 

First  Family — PRiSTiDiE. 

T/ie  snout  is  produced  into  an  exceedingly  long  flai  lamina, 
armed  with  a  series  of  strong  teeth  along  ea^Ji  edge  (saw). 

^  Tliis  exception  is  a  Ray  obtained  during  the  "  Challenger"  expedition, 
and  said  to  have  been  dredged  in  565  fathoms. 
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Pristis. — Body  depressed  and  elongate,  gradually  passing  into 
the  strong  and  muscular  tail.  Pectoral  fins,  with  the  front 
inargins  quite  free,  not  extending  to  the  head.  No  tentacles 
below  the  saw.  Teeth  in  the  jaws  minute,  obtuse.  Dorsal  fins 
without  spine,  the  first  t)pposite  or  close  to  the  base  of  the 
ventrals. 

"  Saw-fishes."  Abundant  in  tropical,  less  so  in  sub-tropi- 
cal seas.  They  attain  to  a  considerable  size,  specimens  with 
a  saw  6  feet  long  and  1  foot  broad  at  the  base  not  being  of 
nnconimon  occurrence.  The  saw,  which  is  their  weapon  of 
attack,  renders  them  most  dangerous  to  almost  all  the  other 
large  inhabitants  of  the  ocean.  Its  endo-skeleton  consists 
of  three,  sometimes  five,  rarely  four,  hollow  cylindrical  tubes, 
placed  side  by  side,  tapering  towards  the  end,  and  incrusted 
with  an  osseous  deposit.  These  tubes  are  the  rostral  processes 
of  the  cranial  cartilage,  and  exist  in  all  Eays,  though  in  them 
they  are  shorter  and  much  less  developed.  The  teeth  of  the 
saw  are  implanted  in  deep  sockets  of  the  hardened  integu- 
ment The  teeth  proper,  with  which  the  jaws  are  armed,  are 
much  too  small  for  inflicting  wounds  or  seizing  other  animals. 
Saw-fishes  use  this  weapon  in  tearing  pieces  of  flesh  off  an 
animal's  body  or  ripping  open  its  abdomen.  The  detached 
fragments  or  protruding  soft  parts  are  then  seized  by  them 
and  swallowed.    Five  distinct  species  of  Saw-fishes  are  known. 

Saws  of  extinct  species  have  been  found  in  the  London 
clay  of  Sheppey  and  in  the  Bagshot  sands. 

Second  Family — RHiNOBAXiDiE. 

Tail  strong  and  long,  with  two  wdUdevdoped  dorsal  fins^ 
and  a  Umgiivdinal  fold  on  each  side  ;  caudal  developed.  Disk 
not  excessively  dilated,  the  rayed  portion  of  the  pectoral  fms 
not  being  continued  to  the  snout. 

Rhynchobatus. — Dorsal  fins  without  spine,  the  first  opposite 
to  the  ventrals.     Caudal  fin  with  the  lower  lobe  well  developed. 

Z 


Teeth  obtnae,  granular,  the  dental 
undulated. 


of  the  jairo  being 


Fig.  laS.— Dsntition  of  AAyncMnliu. 

Two  species,  Bh.  ancylostomus  and  Eh.  djeddensis,  are  very 
common  on  tbe  tropical  coasts  of  the  Indian  Ocean.  They 
feed  on  hard-shelled  animals,  and  attain  scarcely  a  length  of 
8  feet. 

Bhinobatus. — Cranial  cartilage  produced  into  a  long  roatnl 
process,  the  space  between  the  process  and  pectoral  fin  being 
filled  by  a  membrane.  Teeth  obtuse,  with  an  indistinct  trans- 
verse ridge.  Dorsal  fina  without  spine,  both  at  a  great  distance 
behind  tbe  ventral  fins.     Caudal  fin  without  lower  lob& 

Numerous  on  the  coasts  of  tropical  and  sub-tropical  seas ; 
about  twelve  species.  I^gonorhina  is  an  alHed  genns  &om 
South  Australia. 

The  oolitic  genua  ^atliobatis  is  scarcely  distinct  from 
Shinobaius;  and  another  fossil  ^m  Mount  Lebanon  has 
been  actually  referred  to  this  latter  g«nu8.  Trigorhiva  from 
Monte  Postale  must  be  placed  here. 

Third  Family — Toepedimida 
The  truni  is  a  broad,  smooth  disk.     Tail  vnth  a  longitudi- 
nal fold  on  each  side  ;  a  rayed  dffrsal  fin  is  generally,  and  a 
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cavdcd  always,  present.  Anterior'  nasal  valves  confluent  into  a 
quadrangtilar  lobe.  An  electric  organ  composed  of  vertical 
hexagonal  prisTos  bettoeen' the  pectoral  fins  and  the  head, 

"Electric  Eays."    The  electric  organs  with  which  these 
fishes  are  anued  are  large,  flat,  imiform  bodies,  lying  one  on 
each  side  of  the  head,  bounded  behind  by  the  scapular  arch,  and 
laterally  by  the  anterior  crescentic  tips  of  the  pectoral  fins. 
They  consist  of  an  assemblage  of  vertical  hexagonal  prisms, 
whose  ends  are  in  contact  with  the  integuments  above  and 
below ;  and  each  prism  is  subdivided  by  delicate  transverse 
septa,  forming  cells,  filled  with  a  clear,  trembling,  jelly-like 
fluid,  and  lined  within  by  an  epithelium  of  nucleated  cor- 
puscles.   Between  this  epithelium  and  the  transverse  septa 
and  walls  of  the  prism  there  is  a  layer  of  tissue  on  which  the 
terminations  of  the   nerves  and   vessels  ramify.      Hunter 
counted  470  prisms  in  each  battery  of  Torpedo  murmorata, 
and  demonstrated  the  enormous  supply  of  nervous  matter 
which  they  receive.    Each  organ  receives  one  branch  of  the 
Trigeminal  nerve  and  four  branches  of  the  Vagus,  the  former, 
and  the  three  anterior  branches  of  the  latter,  being  each  as 
thick  as  the  spinal  chord  (electric  lobes).    The  fish  gives  the 
electric  shock  voluntarily,  when  it  is  excited  to  do  so  in  self- 
defence  or  intends  to  stun  or  to  kill  its  prey ;  but  to  receive 
the  shock  the  object  must  complete  the  galvanic  circuit  by 
communicating  with  the  fish  at  two  distinct  points,  either 
directly  or  through  the  medium  of  some  conducting  body. 
If  an  insulated  frog's  leg  touches  the  fish  by  the  end  of  the 
nerve  only,  no  muscular  contractions  ensue  on  the  discharge 
of  the  battery,  but  a  second  point  of  contact  immediately 
produces  them.     It  is  said  that  a  painful  sensation  may  be 
produced  by  a  discharge  conveyed  through  the  medium  of  a 
stream  of  water.    The  electric  currents  created  in  these  fishes 
exercise  aU  the  other  known  powers  of  electricity :   they 
render  the  needle  magnetic,  decompose  chemical  compounds. 
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and  emit  the  spark    The  dorsal  snrfietce  of  the  electric  organ 
is  positive,  the  ventral  surfiice  negative. 

[The  literatnre  on  the  electric  organ  of  Torpedo  is  very  extensire. 
Here  may  be  mentioned  LorenzitU,  '*088eiTazioni  intomo  alle 
Torpedini  (1678) ;  Walah,  "  On  the  Electric  Property  of  the  Tor- 
pedo," in  Philos.  Trans.,  1773;  ffunUr,  '*  Anatomical  Obseira- 
tions  on  the  Torpedo,"  ibid.;  Dany^  " Obtenrations  on  the 
Torpedo,*'  in  Philos.  Trans.,  1834 ;  Mattewxi  and  Savi,  "Traite 
des  Ph^nomines  Electro-Physiologiqnea,"  1844.] 

Of  the  genus  Torpedo  six  species  are  known,  distributed 
over  the  Atlantic  and  Indian  Oceans ;  three  of  them  are  rather 
common  in  the  Mediterranean,  and  one  {T.  hebetans)  reaches 
the  south  coast  of  England.  They  attain  to  a  width  of  from 
two  to  three  feet,  and  specimens  of  that  size  are  able  to  dis- 
able by  a  single  discharge  a  full-grown  man,  and,  therefore, 
may  prove  dangerous  to  bathing  persons.  Other  genera, 
diflfering  from  Torpedo  in  the  position  and  structure  of  some 
of  the  fins,  are  found  in  other  tropical  and  sub-tropical  seas, 
viz.  Narciiie,  Hypnos,  Discopyge  (Peru),  Astrape,  and  Temera. 
All,  like  electric  fishes  generally,  have  a  naked  body. 

A  large  fish,  of  the  general  appearance  of  a  Torpedo,  has 
been  found  at  Monte  Bolca ;  and  CyclobcUis,  from  the  upper 
cretaceous  limestone  of  Lebanon,  is  probably  another  extinct 
representative  of  this  family. 

Fourth  Family — RuiDiE. 

Disk  broad,  rhombic,  generally  with  asperities  or  spines; 
tail  wUh  a  longitudinal  fold  on  eojck  side.  The  pectoral  fins 
extend  to  the  snoiU.  No  electric  organ;  no  serrated  caudal 
spine. 

Raja. — Two  dorsal  fins  on  the  tail,  without  spine ;  tail  with 
a  rudimentary  caudal  fin,  or  without  caudal.  Each  ventral  fin 
divided  into  two  by  a  deep  notch.  Teeth  small,  obtuse,  or 
pointed.  Pectoral  fins  not  extending  forwards  to  the  extremity 
of  the  snout.  Nasal  valves  separated  in  the  middle,  where  they 
are  without  a  free  margin  (see  Fig.  I ,  p.  34). 


Of  all  tbe  genera  of  Baiotdet   Bays  have  the  widest 
geographical  range ;  they  axe  chiefly  inhabitants  of  temperate 


Fig.  120.— I^ji  Umprieri, 
seas,  and  much  more  numerous  iu  those  of  the  Northern  than 
of  the  Southern  Hemisphere.  They  advance  more  closely  to 
the  Arctic  and  Antarctic  circles  than  any  other  member  of 
this   group.     More  than  thirty  species  are  .^^^. 

known,  of  which  the  following  are  found  on     ^^^1^ 
the  British  coast :— The  Thomback  {S.  da-     / 
vata),  the  Homelyn   Eay  (B.  maculata),  the  <_ 
Starry  Eay  {R  radiata),  the   Sandy  Eay  {B. 
cinntlaris),  the  common  Skate  {£.  batis),  the     C^lk 
Burton  Skate  (.R.  marffinata),  and  the  Shi^reen    yj ]§* 
Skate  (R.  fullonica).    Some  of  these  species,     ^ 
especially  tbe  Skates,  attain  a  considerable  size,  *"*,  ^^^ — d«tii»i 

Bplnes  of  a  mala 
the  disk  measuring  six  and  even  seven  feet  Tbomi»ek,  s«ja 
across.  All  are  eatable,  and  some  of  them  '^'■t»- 
regularly  brought  to  market.  In  the  majority  of  the  species 
peculiar  sexual  differences  have  been  observed.  In  some, 
as  in  the  Thomback,  all  or  some  of  tbe  teeth  are  pointed  in 
the  male  sex,  whilst  tibey  are  obtuse  and  flat  iu  the  femala 
Tbe  males  of  all  are  armed  with  patches  of  claw-like  spines, 
retractile  in  grooves  of  the  integument,  and  serially  arranged 
occupying  a  space  on  the  upper  side  of  Uie   pectoral  fin 


342  FISHES. 

near  the  angle  of  the  disk,  and  frequently  also  the  sides 
of  the  head.  In  species  which  are  armed  with  bucklers  or 
asperities  it  is  the  female  which  is  principally  provided  with 
these  dermal  productions,  the  male  being  entirely  or  nearly 
smooth.  Also  the  colour  is  frequently  different  in  the  two  sexes. 
Other  genera  of  this  family  are  Psammobatis,  Synipterygia, 
and  Platyrhina,  Although  probably  this  family  was  well  re- 
presented in  cretaceous  and  tertiary  formations,  the  remains 
found  hitherto  are  comparatively  few.  ArthropteniSy  from  the 
Lias,  seems  to  have  been  a  true  Eay ;  and  dermal  spines  of  a 
species  allied  to  the  Thomback  {Raja  antiqua)  are  abundant 
in  the  crag  deposits  of  Suffolk  and  Norfolk. 

Fifth  Family — TRYGOXiDiE. 

^7%e  pectoral  fins  are  uninterruptedly  continued  to,  and  con- 
fl/uent  at,  the  extremity  of  the  svxmt.  Tail  long  and  slender, 
without  lateral  longitvdinal  folds ;  vertical  fins  none,  or  im- 
perfectly developed,  often  replaced  by  a  strong  serrated  spine. 

The  "  Sting-Eays "  are  as  numerous  as  the  Rays  proper, 
but  they  inhabit  rather  tropical  than  temperate  seas.  The 
species  armed  with  a  spine  use  it  as  a  weapon  of  defence, 
and  the  wounds  inflicted  by  it  are,  to  man,  extremely  painful, 
and  have  frequently  occasioned  the  loss  of  a  limb.  We  have 
mentioned  above  (p.  190)  that  the  danger  arises  from  the 
lacerated  nature  of  the  wound  as  well  as  from  the  poisonous 
property  of  the  mucus  inoculated.  The  spines  (Fig.  98,  p. 
190)  are  always  barbed  on  the  sides,  and  may  be  eight  or  nine 
inches  long  in  the  larger  species.  They  are  shed  from  time 
to  time,  and  replaced  by  others  growing  beliind  the  one  in 
function,  as  the  teeth  of  the  fishes  of  this  order,  or  as  the 
fangs  of  a  poisonous  snake.  Fossil  species  of  Trygon  and 
Urolophus  occur  in  the  tertiary  strata  of  Monte  Bolca  and 
Monte  Postale.  The  genera  into  which  the  various  species 
have  been  divided  are  the  following : — 
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TJROGTMNUS. — TaU  long,  without  fin  or  spine,  sometimes  with 
a  narrow  cutaneous  fold  below.  Body  densely  covered  with 
osseous  tubercles.     Teeth  flattened. 

Only  one  species  is  known  ( U.  asperrimus),  common  in 
the  Indian  Oc«an,  and  with  a  body  irom  4  to  5  feet  long ; 
the  skin  is  frequently  used  for  covering  shields  and  the  handles 
of  swords  and  other  weapons,  its  rough  surface  ofTering  a 
firm  hold  to  the  hand. 

Tkygon. — TaU  very  long,  tapering,  armed  with  a  long  arrow- 
shaped  barbed  spine.  Body  smooth  or  with  tubercles.  Nas^ 
valves  coalescent  into  a  quadrangular  flap.     Teeth  flattened. 

Some  twenty-five  species  are  known,  one  of  which  {T. 
pastiTiaca)  extends  from  the  south  coast  of  England  and  the 
east  coast  of  North  America  through  the  Atlantic  and  Indian 
Ocean  to  Japan.  The  majority  of  the  species  belong  to  the 
tropical  parts  of  the  Indian  and  Atlantic  Oceans;  some 
inhabit  exclusively  fresh-waters  of  eastern  tropical  America. 
A  closely  allied  genus  is  TWtum,  with  six  species. 

Urolophus, — Tail  of  moderate  length,  with  a  distinct  rayed 


Fig.  128. — UrolophoB  CTUciatns,  from  Anstnluu 
terminal  fin,  armed  with  a  barbed   spine,  without  or  with  a 
rudimentary  dorsal  fin.     Teeth  flattened. 

Seven  species  from  tropical  seas,  apparently  of  small  size. 
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ich  side.     Tail  very  long  and  thin,  with  a  dorsal  fin  near  its 
x>t ;  generally  a  serrated  spine  behind  the  fin. 

Seven  species  are  known,  two  of  which  are  European,  one 
Sf.  aq7iila)  being  almost  cosmopolitan,  and  occasionally 
3iuid  on  the  British  coast  The  young  diflTer  much  from 
he  adult,  having  no  median  series  of  larger  teeth,  but  all  the 
aeth  of  equal  size  and  regularly  sexangular.  Also  the  tail  is 
luch  longer  in  yoimg  examples  than  in  old  ones,  and  the 
oloration  more  omamentaL  Teeth  of  species  very  closely 
llied  to,  or  perhaps  even  identical  with,  existing  species,  are 
)und  in  tertiary  formations. 

Aetobatis. — Form  of  the  head,  body,  and  tail  as  in  Myliobatis, 
"he  nasal  valves  remain  separate,  each  forming  a  long  fiap.  The 
>irer  dental  lamina  projects  beyond  the  upper.  Teeth  flat, 
road,  forming  a  single  series,  equivalent  to  the  median  series  of 
fylioboHsy  there  being  no  small  lateral  teeth. 


Fig.  130. — Aetobatis  nariuari. 

One  species  only  (A.  iiarinaii)  which  is  found  in  almost 
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all  tropical  seas,  and  of  exceedingly  common  occoirence  in 
the  Atlantic  and  Indian  Oceans;  it 
es  not  aeem  to  grow  to  a  very  large 
'  size  Cperhaps  not  exceeding  5  feet  in 
■width),  and  is  readily  recognised  by 
numerous  round  hluish-white  spots, 
with  which  the  back  is  ornamented. 
Fossils  of  this  genus  occur  in  the 
Fig.  i3i.-ABtob.ti.  «.b«-  English  Eocenes  and  the  Swiss  Mdasse. 

ciutiu,  fiom  BnckleBbun.  „  _ 

Khinoftera. — Ibe  cephftuc  appeo- 

dages  are  bent  inwards,  and  situated  at  the  lower  side  of  the  snout. 
Nasal  valves  confluent  into  a  broad  flap,  with  Jree  nuu)gin.  Teeth 
broad,  flat,  tessellated,  in  five  or  more  series,  the  middle  being  the 
broadest,  and  the  others  decreasing  in  width  outwards.  Tail 
very  slender,  with  a  dorsal  flu  before  the  serrated  spine. 

Seven  species  from  tropical  and  sub-tropical  seas  are 
known ;  of  Bhinoptera 
pohjodon  nothingis  known 
except  the  jaws ;  and 
as  its  dentition  is  very 
peculiar,  no  opportu- 
nity should  be  lost  of 
obtaining  and  preserving 
entire  animals.  Teeth 
very  similar  to  those  of 
existing  species,  and  de- 
scribed as  Zygobatis,  oc- 


Lmoar  Jam. 
Fig.  133.— RbiDOpton  polyodon 


RAYS. 


347 


CUT  in  the  Norwich   Crag  and  in  Miocene   formations  of 
Switzerland. 

DiCEROBATis  (Cephaloptera). — Cephalic  appendages  point- 
ing straight  forwards  or  inwards.  Nostrils  widely  separated  from 
each  other.  Mouth  inferior,  wide.  Both  jaws  with  very  nume- 
rous and  very  small  flat  or  tubercular  teeth.  Tail  very  slender, 
with  a  dorsal  fin  between  the  ventrals,  and  with  or  without  a 
serrated  spine. 

Ceratoptera. — Cephalic  appendages  pointing  forwards  or  in- 
wards. Mouth  anterior;  wide.  Teeth  in  the  lower  jaw  only, 
very  small.  Tail  very  slender,  with  a  dorsal  fin  between  the 
ventrals  and  without  spine. 

The  species  of  these  two  last  genera  are  not  yet  well  dis- 
tinguished ;  about  five  of  Dicerdbatis  and  two  of  Ceratoptera 


Fig.  134. — DicerobatU  draco,  from  Misol. 

are  known  from  tropical  and  temperate  seas,  but  their  occur- 
rence in  the  latter  is  rather  sporadic.  Some  of  them,  if  not 
all,  attain  an  enormous  size.  One  mentioned  by  Risso,  taken 
off  Messina,  weighed  1250  pounds.  Several  observers  speak 
of  having  seen  them  in  pairs,  the  male  being  usually  the 
smaller.  Of  a  pair  mentioned  by  Risso  the  female  was  first 
taken,  and  the  male  remained  hovering  about  the  boat  for 
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three  days,  and  was  afterwards  found  floating  dead  on  the 
surface.  Still  larger  individuals,  but  of  uncertain  species, 
are  mentioned  by  Lac^pide,  who  says  that  one  taken  at  Bar- 
badoes  required  seven  yoke  of  oxen  to  draw  it.  A  sketch  of 
another,  which  was  said  to  be  twenty  feet  long,  was  sent  to 
Lac^p^de ;  and  Sonnini  speaks  of  one  which  appeared  to  him 
to  be  longer  and  wider  than  the  ship  in  which  he  was  sailing. 
A  foetus  taken  from  the  uterus  of  the  mother  captured  at 
Jamaica,  and  preserved  in  the  British  Museum,  is  five  feet 
broad,  and  weighed  twenty  poimds.  The  mother  measured 
fifteen  feet  in  width  as  well  as  in  length,  and  was  between 
three  and  four  feet  thick.  The  capture  of  "  Devil-fishes  "  of 
such  large  size  is  attended  with  danger,  as  they  not  rarely 
attack  and  capsize  the  boat.  They  are  said  to  be  especially 
dangerous  when  they  accompany  their  young,  of  which  they 
bring  forth  one  only  at  a  time. 

SECOND  SUB-ORDER— HOLOCEPHALA. 

One  external  gill-opening  only,  covered  by  a  fold  of  the  skin, 
which  encloses  a  rudimerUary  cartilaginous  giU-cover;  four 
branchial  clefts  tcithin  the  gill-cavity.  The  maxillary  and 
palatal  apparatus  coalescent  wUh  the  skull. 

Tliis  sub-order  is  represented  in  the  living  fauna  by  one 
family  only,  Chirrueridce ;  it  forms  a  passage  to  the'foUowing 
order  of  fishes,  the  Ganoids.  In  external  appearance,  and 
with  regard  to  the  structure  of  their  organs  of  propagation, 
the  Chimaeras  are  Sharks  (See  Fig.  96,  p.  184).  The  males 
are  provided  with  "  claspers  "  in  connection  with  the  ventral 
fins,  and  the  ova  are  large,  encased  in  a  homy  capsule,  and 
few  in  number ;  and  there  is  no  doubt  that  they  are  impreg- 
nated within  the  oviduct,  as  in  Sharks.  Chimseras  are  naked^ 
but,  as  in  Scylliidce,  very  young  individuals  possess  a  series  of 
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small  "  placoid  "  spines,  which  occupy  the  median  line  of  the 
back,  and  remind  us  of  similar  dermal  productions  in  the 
Rays.  The  males,  besides,  are  provided  with  a  singular  erectile 
appendage,  spiny  at  its  extremity,  and  received  in  a  groove 
on  the  top  of  the  head.  On  the  other  hand,  the  relations  of 
the  Chimseras  to  the  Ganoid,  and,  more  especially,  Dipnoous 
type  become  manifest  in  their  notochordal  skeleton  and  con- 
tinuity of  cranial  cartilage.  The  spine  in  front  of  the  first 
dorsal  fin  is  articulated  to  the  neural  apophysis,  and  not  merely 
implanted  in  the  soft  parts,  and  immovable  as  in  Sharks.  A 
cartilaginous  operculum  makes  its  appearance,  and  the 
external  gill-opening  is  single.  The  dentition  is  that  of  a 
Dipnoid,  each  "jaw "  being  armed  with  a  pair  of  broad  dental 
plates,  with  the  addition  of  a  pair  of  smaller  cutting  teeth  in 
the  upper  "jaw."  Fossils  of  similar  dental  combination  are  not 
rare  in  strata,  commencing  from  the  Lias  and  the  bottom  of 
the  Oolitic  series ;  but  it  is  impossible  to  decide  in  every  case 
whether  the  fossil  should  be  referred  to  the  Holocephalous  or 
Dipnoous  tjrpe.  According  to  Newberry,  Chimaeroid  fishes 
commence  in  the  Devonian  with  Bhyrvchodus,  the  remains 
of  which  were  discovered  by  him  in  Devonian  rocks  of  Ohio. 
Undoubted  Chimaeroids  are  Elasmodus,  PsaliodtLs,  Gaitodics, 
Ischyodits,  Edaphodon,  and  Elasmognathus,  principally  from 
mesozoic  and  tertiary  formations.  Very  similar  fossils  occur 
in  the  corresponding  strata  of  North  America.  A  single 
species  of  Cotllprhynclms  has  been  discovered  by  H.  Hector 
in  the  Lower  Greensand  of  New  Zealand. 

The  living  Chimaeras  are  few  in  number,  and  remain 
within  very  moderate  dimensions,  probably  not  exceeding  a 
length  of  five  feet,  inclusive  of  their  long  filamentous,  diphy- 
cercal  taiL    They  are  referred  to  two  genera. 

CuDLARA. — Snout  soft,  prominent,  without  appendage.  The 
dorsal  fins  occupying  the  greater  part  of  the  back,  anterior  with 
a  very  strong  and  long  spine.     Longitudinal  axis  of  the  tail  nearly 
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the  same  as  that  of  the  trunk,  its  extremity  being  provided  with 
a  low  fin  above  and  below,  similar  in  form  to  a  dorsal  and  anal 
fin.     Anal  fin  very  low. 

Three  species  are  known  :  Ch,  monstrosa,  from  the  coasts 
of  Europe  and  Japan  and  the  Cape  of  Good  Hope ;  Ch.  coUiei 
from  the  west  coast  of  North  America ;  and  Ch.  ajffinis  bom 
the  coast  of  Portugal.     (See  Fig.  96,  p.  184.) 

Callorhynchus. — Snout  with  a  cartilaginous  prominence, 
terminating  in  a  cutaneous  fiap.  Two  dorsal  fins,  the  anterior  with 
a  very  strong  and  long  spine.  Extremity  of  the  tail  distinctly 
turned  upwards,  with  a  fin  along  its  lower  edge,  but  without  one 
above.     Anal  fin  close  to  (he  caudal,  short  and  deep. 

One  species  {C.  antarcticus)  is  common  in  the  Southern 

temperate  zone.     Cunningham  describes  the  egg  (see  Fig.  81, 

p.  169),  as  being  of  a  dark  greenish-black  colour,  and,  in 

general,  measuring  from  eight  to  nine  or  even  ten  inches  in 

length,  by  about  three  in  breadth.    It  consists  of  a  central, 

somewhat  spindle-shaped  convex  area  (between  the  homy 

walls  of  which  the  young  fish  lies),  surrounded  by  a  broad 

plicated  margin,  which  is  fringed  at  the  edge,  and  covered  on 

the  under  surface  with  fine  light  brownish-yellow  hairs. 

SECOND  ORDERr— GANOIDEL 

Skeleton  cartilaginous  or  ossified.  Body  with  medial  and 
paired  fins,  the  hinder  pair  abdominal.  Gills  free,  rarely 
partially  attached  to  the  walls  of  the  gill-cavity.  One  extemcU 
gill-opening  only  on  each  side;  a  gill-cover.  Air-bladder  with 
a  pneumatic  dnct.  Ova  small,  impregnated  after  exclusion. 
Emhryo  sometimes  with  exterrud  gills. 

To  this  order  belong  the  majority  of  the  fossil  fish  re- 
mains of  palaeozoic  and  mesozoic  age,  whilst  it  is  very 
scantily  represented  in  the  recent  fauna,  and  evidently  veiging 
towards  total  extinction.  The  knowledge  of  the  fossil  forms, 
based  on  mere  fragments  of  the  hard  parts  of  the  body  only. 


ft: 
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is  very  incomplete,  and  therefore  their  classification  is  in  a 
most  unsatisfactory  state.  In  the  following  pages  only  the 
most  important  groups  will  be  mentioned. 

[For  a  study  of  details  we  have  to  refer  to  Agassiz,  **  Poissons  Fossiles  ;  *' 
Owen,  **  Palaeontology,"  Edinb.  1861,  8vo  ;  HuxUy,  *«  Preliminary 
Essay  upon  the  Systematic  Arrangement  of  the  Fishes  of  the 
Devonian  Epoch,"  in  Mem.  Geolog.  Survey,  Dec.  10  ;  Lond.  1861, 
and  '*  lUustrations  of  the  Structure  of  Crossopter}'gian  Ganoids," 
ibid.  December  12,  1860  ;  Traquair,  "  The  Ganoids  of  the  British 
Carboniferous  Formations,"  part  I.  '^  Palseoniscidoi."  Palseontogr. 
Soc  Lond.  1877.] 

Eight  sub-orders  may  be  distinguished  at  present. 


FIRST  SUB-ORDERr— PLACODERML 

Extinct.  The  head  and  pectoral  region  of  the  body  encased 
in  great  bony,  sculptured  plates,  vrith  dots  of  enamel  ;  the  re- 
mainder  of  tlie  body  naked,  or  vrith  ganoid  scales;  skeleton 
n4>to€hoTdal. 

Comprises  the  oldest  vertebrate  remains,  from  Devonian 
and  Carboniferous  formations.  Pterichthys :  (Figs.  135  and 
136),  tail  tapering,  covered  with  small  ganoid  scales,  without 
caudal  fin ;  the  cephalic  shield  was  probably  moveably  joined 
to  the  cuirass  of  the  trunk,  and  both  were  composed  of  several 
pieces ;  the  abdominal  shield  consisted  of  one  single  median 
plate,  and  two  pairs  of  lateral  plates,  a  third  small  pair  being 
sometimes  observed  detached  in  front  of  the  anterior  pair; 
pectoral  exceedingly  long,  consisting  of  two  pieces  movably 
connected  with  each  other;  tail  scaly,  and  short;  a  small 
dorsal  fin  placed  on  the  tail;  a  pair  of  small  ventrals; 
jaws  small,  with  confluent  denticles.  Several  species  have 
been  distinguished  in  remains  found  in  the  strata  of  Caith- 
ness and  other  localities  in  Scotland.  Coccosteus  (Fig.  137, 
p.  354) :  all  the  bony  plates  are  firmly  united,  no  pectoral 
spines ;  tail  naked  and  long ;  a  dorsal  and  anal  fin  sup- 
ported by  intemeural  and  interhaemal  spines.     Dentition 


unknown.     DinviUhys:  a  gigantic  fish  from  the  DevoQian 
of  North  America  (estimated  at  itom  15  to  18  feet  in  length). 


Fig.  ISS.—Dorul  saxttta  of  Plerichtbys,  after  Pander,    d,  Doml  Bn  ;  c, 
pectoral  member ;  2-10,  head-bncUera ;  ll-IS,  dottal  buckltn. 

witit  the  dermal   covering   very  similar  to  that  of  Cocco- 
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steus,  but  widi  a  simple  arched  dorsal  shield.  As  in  thia 
latter  genus  the  caudal  extremity  does  not  possess  external 
or  internal  bony  parts,  and  the  ventral  plaetion  of  both 
geueia  corresponds  in  every  particular;  the  dentition  is  so 


15,  mMidible  (t) ; 


singularly  like  that  of  Lepldosiren,  that  Newbeny  (Geolog, 
Suirey  of  Ohio,  vol.  ii.  part  2)  considers  this  genus  to  be  in 
genetic  relation  to  the  Dipnoi.  The  following  genera  have 
been  united  in  a  separate  lamily,  Cepkalaspidce ;  viz.  Cephal- 


atpis :  head  covered  by  a,  contiutioTis  shield  with  tubercular 
surface,  produced  into  a 
hom  at  each  posterior 
comer;  a  mediau  dorsal 
backward  prolongation 
bears  a  spine;  hetero- 
cercaL  Auchenaspis  and 
Didymaepia:  allied  to  the 
preceding,  but  with  the 
cephalic  shield  divided 
into  a  larger  anterior  and 
smaller  posterior  piece. 
Pteraspia:  with  the  ceph- 
alic shield  finely  striated 
or  grooved,  composed  of 
seven  pieces.  Scapha^ais 
and  Cyathayns:  with  the 
surface  of  the  head-shield 
similarly  sculptured  as  in 
Pteraspii,  but  simple  in 
the  former,  and  composed 
of  four  pieces  in  the  latter. 
AsiroUpia:  attained  to  the 
gigantic  size  of  between 
twenty  and  thirty  feet; 
its  mouth  was  furnished 
with  two  rows  of  teeth, 
of  which  the  outer  ones 
were  small,  the  inner 
much  larger. 

[8«e  Bay  Unkeater,  A. 
Honognipb  of  the  fldica 
of  the  (HdBed  Saudrtcme 
of  Britain.  PutLCspk- 
alupidn.  Lond,  18S8 
and  1870.    4to.] 
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SECOND  SUB-ORDER— ACANTHODINI. 

Extinct.  Body  oUong,  compressed^  covered  with  shagreen  ; 
skull  not  ossified ;  caicdal  heterocercal.  Large  spines,  similar 
to  those  of  Chondropterygians,  in  front  of  some  of  the  median 
and  paired  fins.  The  spines  are  imbedded  between  the  muscUs, 
and  not  provided  vnth  a  proximal  joint 

Acanthodes,  Chiracanthus,  from  Devonian  and  Carbonifer- 
ous formations. 

THIRD  SUB-ORDERr-DIPNOI. 

Nostrils  two  pairs,  m^ore  or  less  loithin  the  moiUh  ;  limbs 
with  an  axial  skeleton.  Lungs  and  gills.  Skeleton  notO" 
chordal.     No  branchiostegals} 

First  Family — SiRENiDiE. 

Catidal  fin  diphycercai  ;  no  gnlar  plates  ;  scales  cycloid.  A 
pair  of  molars,  above  and  below,  and  one  pair  of  vomerine  teeth. 

Lepidosibbn. — Body  eel-shaped,  with  one  continuous  vertical 
fin.  Limbs  reduced  to  cylindrical  filaments,  without  fringe. 
Vomerine  teeth  conical,  pointed.  Each  dental  lamina  or  molar 
with  strong  cusps,  supported  by  vertical  ridges.  No  external 
branchial  appendages ;  five  branchial  arches,  with  four  interven- 
ing clefts.  Conus  arteriosus  with  two  longitudinal  valves. 
Ovaries  closed  sacs. 

One  species  only  is  known  from  the  system  of  the  River 

Amazons  (i.  paradoxa).     It  must  be  very  locally  distributed, 

as  but  a  few  specimens  have  been  brought  to  Europe,  and  all 

recent  endeavours  to  obtain  others  have  been  unsuccessful. 

Natterer,  by  whom  this  most  interesting  fish  was  discovered, 

states  that  he  obtained  two  specimens,  one  on  the  Madeira 

River,  near  Borba ;  the  other  in  a  backwater  of  the  Amazons, 

above  Villa  Nova.     The  natives  of  the  former  place  called  it 

Caximuni.  and  considered  it  very  scarca    The  larger  indivi- 

^  See  pp.  78  and  74,  Figs.  85  and  36. 


«:?: 


doal  v«5  ihoi^  foKET  &ei  Ico^     I^  B  «i  ZBf  jB9&ax  &  StllClii 

aod  odtegr  TcgeuUes.  Ed.  :r>  jalae  fraiL  dae  oeoszcanL  irt^ 
&]i  13  jsaeh  mere  lik£]TU>  te  canLfroccos.  iike  die  Siilinriz:^. 
It  is  CiD&  of  the  graseEt  deadoasi  of  Xscszal  Hssccc^  C:l- 

PMfrc»nBC2. — ^Veij  snikr  in  the  genenl  fixm  «f  the  bftij 
and  deDthko  to  LsfidsmrftL,  Pectoral  aai  TVBtial  ilyaMt*  wish 
a  fringe  ttmtahnng  lajiu  Unee  gnafl  branchial  ifip  n  I  ii^"  i  atwr^ 
the  onall  gQl-opening ;  mx  branrhial  agehci»  with  §ie  inta  leiigg 
dcftiu  Comu  artericwu  with  two  loi^itndinal  Tahvs.  Ovans 
domlnca. 

ProiopUnu  antuetens  is  the  "  Lepidosiien  *  which  is  coo^ 

mooly  fioand  in  Zoological  odlectioiUL    It  b  iisiiallT  imponal 


FS^  133, — PtotofAcnu  amiecteiu.     y,  Bnn^ial 

from  the  west  coast  of  Africa,  where  it  abounds  in  manj 
localities ;  but  it  is  spread  over  the  whole  of  tropical  Africa, 
and  forms  in  many  districts  of  the  central  parts  a  regolar 
article  of  food. 

During  the  diy  season,  specimens  living  in  shallow 
waters  which  periodically  diy  up,  form  a  cavity  in  the  mud, 
the  inside  of  which  they  line  with  a  protecting  capsule  of 
mucus,  and  from  which  they  emeige  again  when  the  rains 
refill  the  pools  inhabited  by  them.  Whilst  they  remain  in 
tliis  torpid  state  of  existence,  the  day-balls  containing  them 
are  frequently  dug  out,  and  if  the  capsules  are  not  broken, 
the  fishes  imbedded  in  them  can  be  transported  to  Europe, 
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and  released  by  being  immersed  in  slightly  tepid  water. 
Protopterus  is  exclusively  carnivorous,  feeding  on  water- 
insects,  frogs,  and  fishes,  and  attains  a  length  of  six  feet 

[Owen,  "Trans.  Linn.  Soc."  1841,  xviiL] 

Ceratodus. — Body  elongate,  compressed,  with  one  continuous 
vertical  fin.  Lunbs  paddle-shaped,  with  broad,  rayed  fringe. 
Vomerine  teeth  incisor-Uke ;  molars  with  flat,  undulated  surface, 
and  lateral  prongs.  No  external  branchial  appendages.  Conus 
arteriosus  with  transverse  series  of  valves.  Ovaries  transversely 
lamellated.^ 


Fig.  139. — Ceratodus  mioUpis, 

Two  species,  C.  forsteri  and  C.  miolepis,  are  known  from 
fi^sh  waters  of  Queensland.  The  specimens  hitherto  obtained 
have  come  from  the  Burnett,  Dawson,  and  Mary  rivers,  some 
from  the  fresh  waters  of  the  upper  parts,  others  from  the  lower 
brackish  portions.  The  fish  is  said  to  attain  to  a  weight  of 
twenty  pounds  and  to  a  length  of  6  feet.  Locally,  the  settlers 
call  it  "  Flat-head,"  "  Burnett-  or  Dawson-Salmon,"  and  the 
aborigines  "  Barramunda,"  a  name  which  they  appear  to  apply 
also  to  other  large-scaled  freshwater  fishes,  as  the  Osteoglos- 
sum  leichardti.  In  the  stomach  there  is  generally  found  an 
enormous  quantity  of  the  leaves  of  plants  growing  on  the 
banks  of  rivers,  evidently  eaten  after  they  had  fallen  into 
the  water  and  when  in  a  decomposing  condition.  The  flesh 
of  the  fish  is  salmon-coloured,  and  much  esteemed  as  food. 

The  Barramunda  is  said  to  be  in  the  habit  of  going  on 
land,  or  at  least  on  mud-flats ;  and  this  assertion  appears  to 

'  For  other  illustrations  see  p.  73,  Fig.  35  (palatal  view  of  head) ;  p.  74, 
Fig.  36  (pectoral  skeleton) ;  p.  141,  Fig.  60  (gills)  ;  p.  148,  Fig.  65  (long) ; 
p.  151,  Fig.  67  (heart)  ;  p.  134,  Fig.  57  (intestine) ;  p.  165,  Fig.  77  (ovary). 
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be  borne  out  by  the  fact  that  it  is  provided  with  a  lung. 
However,  it  is  much  more  probable  that  it  rises  now  and 
then  to  the  surface  of  the  water  in  order  to  fill  its  lung  with 
air,  and  then  descends  again  until  the  air  is  so  much  deox}- 
genised  as  to  render  a  renewal  of  it  necessary.  It  is  also 
said  to  make  a  grunting  noise,  which  may  be  heard  at  night 
for  some  distance.  This  noise  is  probably  produced  by  the 
passage  of  the  air  through  the  oesophagus  when  it  is  expelled 
for  the  purpose  of  renewed.  As  the  Barramunda  has  per- 
fectly developed  gills,  beside  the  lung,  we  can  hardly  doubt 
that,  when  it  is  in  water  of  normal  composition,  and  suffi- 
ciently pure  to  yield  the  necessary  supply  of  oxygen,  these 
organs  are  sufficient  for  the  purpose  of  breathing,  and  that 
the  respiratory  function  rests  with  them  alone.  But  when 
the  fish  is  compelled  to  sojourn  in  thick  muddy  water 
charged  with  gases,  which  are  the  products  of  decomposing 
organic  matter  (and  this  must  be  the  case  very  frequently 
during  the  droughts  which  annually  exhaust  the  creeks  of 
tropical  Australia),  it  commences  to  breathe  air  with  its  Ixmg 
in  the  way  indicated  above.  If  the  medium  in  which  it 
happens  to  be  is  perfectly  unfit  for  breathing  the  gills  cease 
to  have  any  function ;  if  only  in  a  less  degree  the  gills  may 
still  continue  to  assist  in  respiration.  The  Barramunda,  in 
fact,  can  breathe  by  either  gills  or  lungs  alone,  or  by  both 
simultaneously.  It  is  not  probable  that  it  lives  freely  out  of 
the  water,  its  limbs  being  much  too  flexible  for  supporting 
the  heavy  and  unwieldy  body,  and  too  feeble  generally  to  be 
of  much  use  in  locomotion  on  land.  However,  it  is  quite 
possible  that  it  is  occasionally  compelled  to  leave  the  water, 
although  we  cannot  believe  that  it  can  exist  without  it  in  a 
lively  condition  for  any  length  of  time. 

Of  its  propagation  or  development  we  know  nothing, 
except  that  it  deposits  a  great  number  of  eggs  of  the  size  of 
those  of  a  newt,  and  enveloped  in  a  gelatinous  case.     We 
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may  infer  that  the  young  are  provided  with  external  gills,  as 
in  Protoptenifl  and  Polyptcrua. 

The  discovery  of  Ceratodus  does  not  date  farther  back 
than  the  year  1870,  and  proved  to  be  of  the  greatest  interest, 
not  only  on  account  of  the  relation  of  this  creature  to  the  other 

Pig.  140. — Tooth  of  foesil  Ceralodui  rrom  Aiut,  near  Briitol,  natonl  uM. 

living  Dipnoi  and  Gajundei,  but  also  because  it  threw  fresh 
hght  on  those  singular  fossil  teeth  which  are  found  in  strata 
of  Triassic  and  Jurassic  formations  in  various  parts  of  Europe, 
India,  and  America.  These  teeth,  of  which  tliere  is  a  great 
variety  with  regard  to  general  shape  and  size,  are  sometimes 
two  inches  long,  much  longer  than  broad,  depressed,  with 
a  flat  or  slightly  undulnted,  always  punctated  crown,  with 
one  mai^in  convex,  and  with  from  three  to  seven  prongs  pro- 
jecting on  the  opposite  mai^in. 

Secoxd  Family — CTEiJODODiprERn>.«. 

Caudal  fin  heterocercal.  Guiar  plates.  Scales  cycloid.  Two 
pairs  of  molars  and  one  pair  of  vomerine  teeth. 


Fig.  141. — Diptenis  macrolepidotua. 

Extinct.  7>*p(erK«(CfenwfMs),.Hi;hodMsfrom  Devonian  strata. 


ThIKD  FaMILT — PBXSIXOFLKCWnkM. 

Cattdal  Jin  diphgetnal ;  rrrtieai  Jin  amtiwMoia.  Gular 
plate*.  Soda  ryJoid,  Jam  vitk  a  mrim  of  Kumte  amiad 
Udk  on  tfu  maryiit. 

Kztinct.  Phaturopleurtm  &om  Devonkn  fomotioas,  and 
the  carboiiiferoaa  UroiumuA  aie  probably  generically  idaidcaL 

FOUETH  SCBOKDEK--CH0SI>R0erEL 

Hkd'.ttm  wAofkordal ;  »indi  eartiJaffijunu,  leitk  dfrmal 
omficalUmit ;  fmaukio^egah  fev  in  numhtr  or  absent  Ttetk 
minule  or  alaent.  IiUeffumaiU  naked  or  vrilk  bueliers.  Camial 
Jin  hdero/xrad,  rnlkftiUra.   No^ril*  dauhU,  in  front  oftJu  eyr*. 

FlHST  FaMILT — ^ACIPESSERIDJE. 
/torfy  elongate,  sub-eylitidriail,  iritk  fixe  roun  of  asxotu 
trucklers,  ffnoul  produced,  tuhtpatulate  or  eonical,  iciik  the 
mouth  at  its  lotcer  surface,  small,  iransterse,  protraetiie,  toeth- 
Um,  Four  barheU  in  a  transterse  series  on  the  lower  side  of  the 
mout.  VertinU  fins  unth  a  single  series  of  fulcra  in  front. 
Dori/d  and  anal  fins  approrimaie  to  the  caudal.  Gill- 
membranes  confluent  at  the  throat  and  attached  to  the  isthmus, 
liranchiosiegals  none.  Gills  four ;  two  accessory  gills.  Air- 
Uailder  large,  simple,  communicating  with  the  dorsal  wall  of 
the  tesophigus. 


Fig.  1*2.— T»U  of  Acipenwr.     a,  Pulci 
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Sturgeons  are,  perhaps,  the  geologically  youngest  Ganoids, 
evidence  of  their  existence  not  having  been  met  with  hitherto 
in  formations  of  older  date  than  the  Eocene  clay  of  Sheppey. 
They  are  exclusively  inhabitants  of  the  temperate  zone  of  the 
Northern  Hemisphere,  being  either  entirely  confined  to  fresh 
water,  or  passing,  for  the  purpose  of  spawning,  a  part  of  the 
year  in  rivers.  They  grow  to  a  large  size,  and  are  the  largest 
fishes  of  the  fresh  waters  of  the  Northern  Hemisphere,  speci- 
mens 10  feet  long  being  of  common  occurrence.  The  ova  are 
very  small,  and  so  numerous  that  one  female  has  been  calcu- 
lated to  produce  about  three  millions  at  one  season ;  therefore 
their  propagation,  as  well  as  their  growth,  must  be  very  rapid ; 
and  although  in  many  rivers  their  number  is  annually  con- 
siderably thinned  by  the  systematic  manner  in  which  they 
are  caught  when  they  ascend  the  rivers  in  shoals  from  the 
sea,  no  diminution  has  been  observed.  Wherever  they  occur 
tliey  prove  to  be  most  valuable  on  account  of  their  wholesome 
flesh.  In  Eussia,  besides,  two  not  unimportant  articles  of 
trade  are  obtained  from  them,  viz.  Caviare,  which  is  prepared 
from  their  ovaries,  and  Isinglass,  which  is  made  from  the 
inner  coats  of  their  air-bladder.  True  Sturgeons  are  divided 
into  two  genera,  Acipeiiser  and  Scaphirhynchus, 

AaPENSER. — The  rows  of  osseous  bucklers  are  not  confluent 
on  the  tail.  Spiracles  present.  Caudal  rays  surrounding  the 
extremity  of  the  tail. 

About  twenty  different  species  of  Sturgeons  may  be  dis- 
tinguished from  European,  Asiatic,  and  American  rivers.  The 
best  known  are  the  Sterlet  (A.  riUh^nus)  from  Russian  rivers, 
celebrated  for  the  excellency  of  its  flesh,  but  rarely  exceeding 
a  length  of  three  feet ;  the  Califomian  Short-snouted  Sturgeon 
{A.  hrachyrhynchus) ;  the  Hansen  {A,  hcso),  from  rivers, 
falling  into  the  Black  Sea  and  the  Sea  of  Azow  (rare  in 
Mediterranean),  sometimes  12  feet  long,  and  yielding  an  in- 
ferior kind  of  isinglass ;  the  Chinese  Sturgeon  (A.  sincTisis) ; 


362  FISHES. 

the  Common  Sturgeon  of  the  United  States  (A,  Tnaculosm), 
which  sometimes  crosses  the  Atlantic  to  the  coasts  of  Great 
Britain ;  Giildenstsedt's  Sturgeon  (A,  giildenstcBcUii),  common 
in  European  and  Asiatic  rivers,  which  yields  more  than  one- 
fourth  of  the  caviare  and  isinglass  exported  from  Sussia; 
the  Common  Sturgeon  of  Western  Europe  (A.  sturio\  which 
attains  to  a  length  of  18  feet,  and  has  established  itself  also 
on  the  coasts  of  Eastern  North  America. 

ScAPHiRHYNCHUs. — Suout  spatulate ;  posterior  part  of  the  tail 
attenuated  and  depressed,  so  that  it  is  entirely  enveloped  by  the 
osseous  scutes.  Spiracles  none.  The  caudal  rays  do  not  extend 
to  the  extremity  of  the  tail,  which  terminates  in  a  filament 

Four  species  are  known  :  one  {S,  ptatyrhynchys)  from  the 
river-system  of  the  Mississippi,  and  the  three  others  from 
Central  Asia;  all  are  exclusively  freshwater  fishes;  their 
occurrence  in  so  widely  distant  rivers  is  one  of  the  most 
striking  instances  by  which  the  close  afiinity  of  the  North 
American  and  North  Asiatic  faunas  is  proved. 

Second  Family — PoLYODONxiDiE. 

Body  iiakedy  or  loith  minvic  stellate  ossifications.  Mouth 
lateral,  very  wide,  with  minute  teeth  in  both  jaws.  Barbels 
none.  Caudal  fin  with  fuld^a.  Dorsal  and  anal  fins  appraxi- 
vuUe  to  the  caudal.  Four  gills  and  a  half ;  no  opercular  gill 
or  pse^uloh'anchia. 

PoLYODON  (Spatularia). — ^Tbe  snout  is  produced  into  an  ex- 
ceedingly long,  shoveMike  process,  thin  and  flexible  on  the  sides. 
Spiracles  present  Gill-cover  terminating  in  a  very  long  tapering 
flap.  One  broad  branchiostegal.  Each  branchial  arch  with  a 
double  series  of  very  long,  fine,  and  numerous  gill-rakers,  the  two 
series  being  divided  by  a  broad  membrane.  Air-bladder  cellular. 
Upper  caudal  fulcra  narrow,  numerous. 

The  single  species,  P.  folium,  occurs  in  the  Mississippi, 
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and  grows  to  a  length  of  about  six  feet,  of  which  the  rostral 
shovel  takes  about  one-fourth ;  in  young  examples  it  is  com- 
paratively still  longer. 

PsEPHUBUS  differs  from  Pdyodon  in  having  the  rostral 
process  less  depressed  and  more  conical.  The  gill-rakers  are 
comparatively  short,  in  moderate  number,  and  distant  from  one 
another.  Upper  caudal  fulcra  enormously  developed,  and  in 
small  number  (six). 

Psephurusgladius  inhabits  the  Yan-tse-Kiang  and  Hoangho, 

the  distribution  of  the  Polyodontidce  being  perfectly  analogous 

to  that  of  Scaphirhynchus.    It  grows  to  an  immense  size, 


Fig.  143. — Psephorus  gladios. 

specimens  of  20  feet  in  length  being  mentioned  by  Basilewsky. 
The  function  of  the  rostral  process  in  the  economy  of  these 
fishes  is  not  yet  sufficiently  explained.  Martens  believes  that 
it  serves  as  an  organ  of  feeling,  the  water  of  those  large  Asiatic 
and  American  rivers  being  too  turbid  to  admit  of  the  Sturgeon 
seeing  its  prey,  which  consists  of  other  fishes.  The  eyes  of 
PsephuruSy  as  well  as  Polyodon,  are  remarkably  small.  Both 
fishes  are  used  as  food. 

Allied  to  the  Polyodontidce,  and  likewise  provided  with  a 
paddle-shaped  production  of  the  fore  part  of  the  head,  is  the 
fossil  genus  Chondrosteus,  remains  of  which  occur  in  the  Lias. 


FIFTH  SUB-OEDER— POLYPTEROIDEI. 

Paired  fins  toith  axial  skdeton,  fringed  ;  dorscdfins  two  or 
THore,  Branchiostegals  absent,  but  generally  g^dar  plates.  Ver- 
tebral column  diphycercal  or  heterocercal.     Body  scaly. 
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First  Family — PoLYPTERiDiE. 

Scales  ganoid ;  fins  without  fidcra,  A  series  of  dorsal 
spines,  to  each  of  which  an  articukUedfinlet  is  attached  ;  anal 
placed  dose  to  the  caudal  fin,  the  vent  being  near  the  end  of  the 
tail.  Abdominal  portion  of  the  vertebral  column  much  longer 
than  the  caudal, 

PoLYPTERus. — Teeth  rasp-like,  in  broad  t)ands  in  the  jaws, 
on  the  vomer  and  palatine  bones  ;  jaws  with  an  outer  series  of 
closely-set,  larger,  pointed  teeth.  Caudal  fin  surrounding  the 
extremity  of  the  vertebral  column  ;  ventral  fins  well  developed. 
A  spiracle  on  each  side  of  the  parietal,  covered  with  an  osseous 
plate.  A  single  large  gular  plate.  Air-bladder  double,  commu- 
nicating with  the  ventral  wall  of  the  pharynx. 


Fig.  144.— Polypterus  bichir. 

This  Ganoid  is  confined  to  tropical  Africa,  occurring  in 
abundance  in  the  rivers  of  the  west  coast  and  in  the  Upper 
Nile ;  but  it  has  not  been  found  in  the  river-systems  belonging 
to  the  Indian  Ocean.  It  is  scarce  in  the  Middle  and  Lower 
BTile,  and  the  specimens  found  below  the  Cataracts  have 
been  carried  down,  from  southern  latitudes,  and  do  not  pro- 
pagate their  species  in  that  part  of  the  river.  There  is  only 
one  species  known,  Polypterm  bichir  ("  Bichir "  being  its 
vernacular  name  in  Egypt),  which  varies  in  the  number  of 
the  dorsal  finlets,  the  lowest  being  eight,  the  highest  eighteen. 
It  attains  to  a  length  of  four  feet.  Nothing  is  known  of  its 
mode  of  life,  and  observations  thereon  are  very  desirable. 

Calamoichthys. — Distinguished  from  Polypterus  by  its  greatly 
elongate  form,  and  the  absence  of  ventral  fins. 

C.  calaharicus,  a  dwarf  form  from  Old  Calabar. 
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Second  Family — SAURODiPXERiDiR 

SccUes  ganoid,  smooth  like  tJie  surface  of  the  skull.  Two 
dorsal  fins;  'paired  fins  obtusely  lobate.  Teeth  conical.  CaudcU 
heterocercal. 

Extinct.  Diplopterus,  Megalichthys,  and  Osteolepis  &om 
Devonian  and  Carboniferous  formations. 

Third  Family — CoELACANTHiDiE. 

Scales  cycloid.  Two  dorsal  fins^  each  supported  hy  a  single 
two-pronged  interspinous  bone  ;  paired  fins  obtusely  lobate. 
Air-bladder  ossified;  notoc/wrd persistent,  diphycercal. 

Extinct.  Coelacanlhus  from  carboniferous  strata ;  several 
other  genera,  from  the  coal  formations  to  the  chalk,  have  been 
associated  with  it — Uhdina,  Gfraphiurvs,  Macropoma,  Holo- 
phagtLS,  Hoplopygus,  Ehizodtcs. 

Fourth  Family — HoLOPTYCHiiDiE. 

Scales  cycloid  or  ganoid,  sculptured.  Two  dorsal  fins  ;  pec- 
torals  narrow,  acutely  lobate  ;  dentition  dendrodont. 

Extinct.  In  this  family  a  peculiar  type  of  dentition  is 
found — the  jaws  are  armed  with  two  kinds  of  teetli,  small  ones 
serially  arranged,  and  mucli  larger  fang-like  teeth  disposed  at 
long  intervals.  Both  kinds  show  at  their  base  in  transverse 
sections  a  labyrinthic  complexity  of  structure,  nimierous 
fissures  radiating  from  the  central  mass  of  vasodentine 
which  fills  up  the  pulp  cavity,  and  sending  off  small  rami- 
fying branches.  Genera  belonging  to  this  family  are  Hdlo- 
ptychius,  Saurichthys,  Glyptolepis,  Deiidrodvs,  Olyptolaemv^, 
Glyptopomus,  Tristichopterus,  Gyroptychiics,  Strepsodus,  from 
Devonian  and  Carboniferous  strata. 
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SIXTH  SUB^RDER^PYCNODONTOroEI. 

Body  compressed^  high  and  short  or  oval,  covered  with  rhombic 
sctdes  arranged  in  decussating  pleurolepidal  lines.  Notochord 
persistent.  Paired  fins  wUhmt  cucial  skeleton.  Teeth  on  the 
palace  and  hinder  part  of  the  lower  jaw  molar-like.  Branehi- 
ostegals,  hit  no  gtdar  plates. 

Extinct.  The  regular  lozenge-shaped  pattern  of  the  in- 
teguments of  these  fishes  is  described  by  Sir  P.  Egerton  thus : 
"Each  scale  bears  upon  its  inner  anterior  margin  a  thick 
solid  bony  rib,  extending  upwards  beyond  the  margin  of  the 
scale,  and  sliced  oflf  obliquely,  above  and  below,  on  opposite 
sides,  for  forming  splices  with, the  corresponding  processes  of 
the  adjoining  scales.  These  splices  are  so  closely  adjusted 
that,  without  a  magnifying  power  or  an  accidental  dislocation, 
they  are  not  perceptible.  When  in  situ,  and  seen  internally, 
these  continuous  lines  decussate  with  the  true  vertebral 
apophyses."  In  some  genera  the  "pleurolepidal"  lines  are 
confined  to  the  anterior  part  of  the  side. 

First  Faahly — Pleurolepid^ 

Homocercal.    Body  less  high.     Fins  with  fulcra. 
Pleitrolepis  and  Homoeolepis  from  the  lias. 

Second  Family — Pycnodontid^ 

Homocercal.  The  n^^iiral  arches  and  ribs  are  ossified;  the 
roots  of  the  ribs  are  but  little  expanded  in  the  older  genera,  but 
enlarged  in  the  tertiary  forms,  so  as  to  simulate  vertebra. 
Paired  fms  not  lobate.  Obtiise  teeth  on  the  palate  and  the  sides 
of  the  mandible;  maxilla  toothless;  incisor -like  teeth  in  the 
intermaxillary  andfrorU  of  the  mandible.  Fulcra  absent  in 
all  the  fins. 

These  fishes  abound  in  Mesozoic  and  Tertiary  formations. 
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Gyrodus^  Mesturus,  Microdon,  Coelodus,  Pycnodtis,  Mesodon,  are 
some  of  the  genera  distinguished  by  palaeontologists.  (See 
Rg.  102,  p.  201.) 

SEVENTH  SUB-ORDER— LEPIDOSTEOIDEI. 

Scales  ganoid,  rJiombic  ;  Jins  generally  with  fulcra  ;  paired 
fins  not  lobate,  PrcB'  and  inter-  operculum  developed;  generally 
numerous  branchiostegals,  but  no  gvlar  plate. 

First  Family — Lepidosteid^ 

Scales  ganoid,  lozenge-shaped.  Skeleton  completely  ossified  ; 
vertebrcB  convex  in  front  and  concave  behind.  Fins  with  fulcra  ; 
dorsal  and  anal  composed  of  articulated  rays  only,  placed  far 
backwards,  dose  to  the  caudal.  Abdomhud  part  of  the  vertebral 
column  much  longer  than  caudal.  Branchiostegals  not  numer- 
ous, without  enamelled  surface.     Heterocercal. 

Lepdosteus. — Body  elongate,  sub-cylindrical ;  snout  elongate, 
spatulate,  or  beak-shaped ;  cleft  of  the  mouth  wide ;  both  jaws 
and  palate  armed  with  bands  of  rasp-like  teeth  and  series  of 
larger  conical  teeth.  Four  gills ;  no  spiracles ;  three  branchio- 
stegals.     Air-bladder  cellular,  communicating  with  the  pharynx. 


Fig.  145. — Lepidosteus  yiridia. 

Fishes  of  this  genus  existed  already  in  Tertiary  times ; 
their  remains  have  been  found  in  Europe  as  well  as  North 
America.  In  our  period  they  are  limited  to  the  temperate 
parts  of  North  America,  Central  America,  and  Cuba.  Three 
species  can  be  distinguished  which  attain  to  a  length  of  about 
six  feet.  They  feed  on  other  fishes,  and  their  general  resem- 
blance to  a  pike  has  given  to  them  the  vernacular  names  of 
"  Gar-Pike,"  or  "  Bony  Pike." 
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Second  Family — Saurid^ 

Body  oblong y  vriih  ganoid  scales;  vertebrce  not  completely 
ossified ;  termination  of  the  vertebral  column  homocercal ;  fins 
generally  with  fulcra.  Maxillary  composed  of  a  single  piece; 
jaws  with  a  single  series  of  conical  pointed  teeth.  Brandtioste- 
gals  numercms,  enamelled,  the  anterior  broad  gvlar  plates. 

Extinct.  Numerous  genera  occur  in  Mesozoic  formations ; 
one  with  the  widest  range  is  SemioTwttis,  with  distichous 
fulcra,  from  the  Lias  and  Jura;  Hiignathtts,  with  large 
posteriorly  serrated  scales,  and  fulcra  on  nearly  all  fins; 
Cephenoplosus  from  the  Upper  Lias ;  Macrosemius  from  the 
Oolite ;  Proptertcs,  Ophiopsis,  Pholidophorus,  Pleurophdis, 
Fachycormtts,  OxygncUhus,  Ptycholepis,  ConoduSy  Evlepidotns, 
Lophiostomus,  etc. 

TfflBD  Family — Stylodontid^ 

Body  rhombic  or  ovate,  with  ganoid  scales;  vertebrce  not 
completely  ossifix^d  ;  termination  of  the  vertebral  coltimn  homo- 
cercal ;  fins  with  fvlcra.  Maxillary  composed  of  a  single  piece  ; 
jaws  with  several  series  of  teeth,  the  outer  ones  equal,  styliform. 
Dorsal  fin  very  long,  extending  to  the  caudal.  Branchiostegals 
numerous. 

Extinct.  Tetragonolepis  from  the  Lias  (see  Fig.  103,  p. 
207). 

Fourth  Family — SpttfiRODONTiDiE. 

Body  oblong,  toith  rhombic  ganoid  scales ;  vertebras  ossified, 
hit  not  completely  closed;  hmnocercal ;  fins  with  fulcra. 
Maxillary  composed  of  a  single  piece ;  teeth  in  several  series, 
obtuse  ;  those  on  the  palate  globular.  Dorsal  and  anal  fins  short. 
Branchiostegals. 

Extinct.  The  type  genus  of  this  family  is  Lqpidotus,  so 
named  from  its  large  rhombic,  dense,  and  polished  scales. 
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The  dorsal  is  opposite  to  the  anal,  and  all  the  fins  are  pro- 
vided with  a  double  row  of  fulcra.  This  genus  ranges  from 
the  Lias  to  the  Chalk;  one  species  would  seem  to  have 
survived  into  tertiary  times,  if  it  should  not  prove  to  be  a 
LepidosteiLS. 

Fifth  Family — ^AspiDORHYNCHiDiE. 

Body  elongate,  tvith  ganoid  scales ;  jaws  prolonged  Mo  a 
teak ;  termination  of  the  vertebral  column  homocerccd.  Mns 
with  fulcra  ;  a  series  of  enlarged  scales  along  the  side  of  the  body. 
Dorsal  fin  opposite  to  the  anal. 


Fig.  146. — Aspidorhynchus  fisheri,  from  the  Purbeck  beds ;  m,  mandible  ; 

a,  presymphyseal  bone. 

Extinct ;  mesozoic.  Aspidorhynchus  has  the  upper  jaw 
longer  than  the  lower ;  very  peculiar  is  the  occurrence  of  a 
single,  solid,  conical  bone,  situated  in  front  of  the  symphysis 
of  the  lower  jaw,  to  which  it  is  joined  by  a  suture.  Belo- 
nostomus  with  both  jaws  of  equal  length. 


Sixth  Family — PALfiONisciD^ 

Body  fusifomiy  with  rhombic  ganoid  scales.  Notochord 
persistent,  ivith  the  vertebral  arches  ossified.  Heterocercal.  All 
the  fins  with  fulcra  ;  dorsal  short.  Branchiostegals  numerous, 
the  foremost  pair  forming  hroad  gvlars.  Teeth  small,  conical, 
or  cylindrical. 

Extinct.    Many  genera  are  known;  from  the  Old  Bed 

2b 
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Sandstone — Chirolepis  and  Aerdepis  ;  from  Carboniferous 
rocks — Cosmoptychivs,  Elonichthys,  Nematoptychius,  Oydopty- 
ehiua,  MicrocoTwdus,  QoTiatodws,  Bhadinichihys,  Myridtpis, 
UTodhems ;  from  the  Permian — Bhabdolepis,  Palwrniiscus, 
ATnUypterus  and  Pygopteriis ;  from  the  Lias — CentrolepU, 
Oxygnathvs,  Cosmolcpis,  and  Tfirissonotus. 

[See  Traquair,  "  The  Osnoid  Fiahea  of  tlie  British  Carboniferons  Fonna- 
tians."    Fart  I.    Falcconiscida.'] 

Seventh  Family — Platysomid^. 
Body  generally  high,  compressed,  covered  with  rhombic  ganoid 
scales  arraTiffed  in  dorso-ventral  bands.  Notochord  persistent, 
with  the  vertebral  arches  ossified,  ffetcrocercal ;  fins  with 
fulcra;  dorsal  fin  long,  occupying  Hie  posterior  half  of  tlu 
back.    Branchiostegais  numeroiis.     Teeth  tiihcTcidar  or  obtuse. 


Fig.  H7. — Platj'somDS  gibtoina. 

Extinct.  From  Carboniferous  and  Permian  fonnations — 
Surynotus,  Benedenitts,  Mesolepis,  Eui-ysomus,  Wardidithys, 
CMrodus  (M'Coy).  Platysomiis. 

[See  Traquair,  "  On  the  Stmctare  and  AtRnitiea  of  the  Flatjaoniidie,  itt 
"Trans.  B07.  Soa,"  Edinh.,  vol.  ixii.) 

EIGHTH  SUB-ORDER— AMIOIDEL 
Vcrtdrral  colwnn  more  or   less  completely  ossified,  hetero- 
cerad.      Body  covered  wiih    cycloid    scales.      Branchiostegais 
present. 


First  Family — Catukid^ 
Notochord  persistent,  ivilk partially  ossified  verieimE ;  hotno- 
cercal;  fins  mith/iUcra.    Teeth  in  a  single  series,  small,  pointed. 


Fig.  14S.— Catnnw  furcatug  (SoIeubofeL]. 

Extinct     Catunis  from  the  Oolite  to  the  Chalk. 

Secoxd  Family — Leptolepid.^. 

Scales  eydoid.  Vert^mc  ossified  ;  hmnocercal ;  fiTis  without 
fuicra  ;  dorsal  short.  Teeth  minute,  in  hands,  vntk  canines  in 
front 

Extinct,  and  leading  to  the  living  represent&tive  of  this 
suborder.  Thnssops  with  the  dorsal  fin  placed  far  backwards, 
and  opposite  to  the  long  anal     Zeptolepts  with  the  dorsal  fin 


t  g    U9  — LeptolBi  a    p  attifor     s 

opposite  to  the  ventrals  Irom  the  Lias  and  Oolite.  These 
fishes,  as  far  as  the  preserved  parts  are  conceraed,  cannot  be 
distinguished  from  Teleosteous  fishes  to  which  they  are 
referred  by  some  Paleeontologists 

Third  Family — Amiid-e. 
Skeleton  entirely  ossified  ;  a  single  large  gidar  plate ;  homO' 
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cereal ;  fins  without  fulcra  ;  a  long  soft  dorsal  fin.  Abdominal 
and  cavdal  parts  of  the  vertebral  column  suhequal  in  extent, 
Branchiostegals  numerous. 

AifiA. — Body  rather  elongate,  sub-cylindrical,  compressed  be- 
hind.   Snout  short,  cleft  of  the  mouth  of  moderate  width.    Jaws 


Fig.  150. — Amia  calva  ;  g,  gular  plate. 

with  an  outer  series  of  closely-set  pointed  teeth,  and  with  a  band 
of  rasp-like  teeth ;  similar  teeth  on  the  vomer,  palatine,  and 
pterygoid  bones.  Anal  short ;  caudal  fin  rounded.  Gills  four ; 
air-bladder  bifurcate  in  front,  cellular,  communicating  with  the 
pharynx. 

The  "  Bow-fin  "  or  "  Mud-fish  "  {A.  calva)  is  not  uncommon 
in  many  of  the  fresh  waters  of  the  United  States ;  it  grows 
to  a  length  of  two  feet.  Little  is  known  about  its  habits ;  small 
fish,  crustaceans,  and  aquatic  insects,  have  been  found  in  its 
stomach.  Wilder  has  observed  its  respiratory  actions;  it 
rises  to  the  surface,  and,  without  emitting  any  air-bubble 
whatever,  opens  the  jaws  widely,  and  apparently  gulps  in 
a  large  quantity  of  air ;  these  acts  of  respiration  are  more 
frequently  performed  when  the  water  is  foul  or  has  not  been 
changed ;  and  there  is  no  doubt  that  an  exchange  of  oxygen 
and  carbonic  acid  is  effected,  as  in  the  lungs  of  aerial 
vertebrates.    The  flesh  of  this  fish  is  not  esteemed. 

Fossil  remains  occur  in  tertiary  deposits  of  North  America, 
for  instance  in  the  Wyoming  territory ;  they  have  been  dis- 
tinguished as  Protamia  and  Hypamia. 


SECOND  SUB-CLASS— TELEOSTEI. 

Heart  ivith  a  non-contractile  bulbus  arteriosus;  intestine 
ivithx>iU  spiral  valve  ;  optic  nerves  deciissating  ;  skeleton  ossified, 
laith  completely  formed  vertebrae ;  vertebral  column  diphycercal 
or  hamocercal ;  branchiae  free} 

The  Teleostei  fonn  the  majority  of  the  fishes  of  the  present 
fauna,  and  are  the  geological  successors  of  the  Palseichthyes, 
undoubted  Teleostei  not  ranging  farther  back  than  the 
Chalk.  This  sub-class  comprises  an  infinite  variety  of 
forms;  and  as,  naturally,  many  Ganoid  fishes  lived  under 
similar  external  conditions,  and  led  a  similar  mode  of  life 
as  certain  Teleostei,  we  find  not  a  few  analogous  forms  in 
both  series :  some  Ganoids  resembling  externally  the  Teleos- 
teous  Siluroids,  others  the  Clupeoids,  others  the  Chsetodonts, 
others  the  Scombresoces,  etc.  But  there  is  no  direct  genetic 
relation  between  those  fishes,  as  some  Naturalists  were  in- 
clined to  believe. 

The  Teleostei  are  divided  into  six  orders  : — 

A.  ACANTHOPTERYGII. — Part  of  the  rays  of  the  dorsal,  anal, 
and  ventral  fins  not  articulated,  spines.  The  lower  pharyngeals 
separate.  Air-bladder,  if  present,  without  pneumatic  duct  in  the 
adult. 

R  AcANTHOPTERYon  PHARYNGOGNATHi. — Part  of  the  rays 
of  the  dorsal,  anal,  and  ventral  fins  not  articulated,  spines.  The 
lower  pharyngeals  coalesced.  Air-bladder  without  pneumatic  duct. 

1  See  p.  97,  Fig.  41 ;  and  p.  152,  Fig.  68. 
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C.  Anacanthini. — ^Vertical  and  ventral  fins  without  spinous 
rays.  Ventral  fins,  if  present,  jugular  or  thoracic.  Air-bladder, 
if  present,  Mdthout  pneumatic  duct.    Lower  pharyngeals  separate. 

D.  Physostoml — ^All  the  fin  rays  articulated  ;  only  the  first 
of  the  dorsal  and  pectoral  fins  is  sometimes  ossified.  Ventral  fins, 
if  present,  abdominal,  without  spine.  Air-bladder,  if  present, 
with  a  pneumatic  duct. 

E.  LoPHOBRANCHii. — GiUs  not  laminated,  but  composed  of 
small  rounded  lobes,  attached  to  the  branchial  arches.  Gill-cover 
reduced  to  a  large  simple  plate.  A  dermal  skeleton  replaces 
more  or  less  soft  integuments. 

F.  Plectognathi. — ^A  soft  dorsal  fin  opposite  to  the  anal ; 
sometimes  elements  of  a  spinous  dorsal.  Ventral  fins  none,  or 
reduced  to  spines.  Gills  pectinate;  air-bladder  without  pneu- 
matic duct.     Skin  with  rough  scutes,  or  with  spines,  or  naked. 


FIRST  ORDER— ACANTHOPTERYGII. 

Part  of  the  rays  of  the  dorsal,  anal,  and  ventral  fins  are  not 
articulated,  more  or  less  pungent  spines.  The  lower  pharyngeals 
are  generally  separate.  Air-bladder,  if  present,  withoiU  pneu- 
matte  duct  in  the  adult} 

First  Division — ^AcANTHOPTERYGn  Pergiformes. 

Body  more  or  less  compressed,  elevated  or  oblong,  but  not  don- 
gale  ;  the  vent  is  remote  from  the  extremity  of  the  tail,  behind 
the  ventral  fins  if  they  are  present.  No  prominent  anal  papilla. 
No  superbranchial  organ.     Dorsal  Jin  or  fins  occupying  the 

^  The  Acanthopterygians  do  not  form  a  perfectly  natural  group,  some 
heterogeneous  elements  being  mixed  up  with  it.  Neither  are  the  characters, 
by  which  it  is  circumscribed,  absolutely  distinctive.  In  some  forms  (certain 
Blennioids)  the  structure  of  the  fins  is  almost  the  same  as  in  Anacanths ;  there 
are  some  Acanthopterygians,  as  Gcrres,  Pogonias,  which  possess  coalesced 
pharyngeals  ;  and,  finally,  the  presence  or  absence  of  a  pneumatic  duct  loses 
much  of  its  value  as  a  taxonomic  character  when  we  consider  that  probably 
in  all  fishes  a  communication  between  pharynx  and  air-bladder  exists  at  an 
early  stage  of  development. 
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grccUer  portion  of  the  back  ;  spinous  dorsal  well  developed,  gener- 
ally with  stiff  spines,  of  moderate  extent,  rather  longer  than,  or 
as  long  as,  the  soft ;  the  soft  anal  similar  to  the  soft  dorsal,  of 
moderate  extent  or  rather  short.  Ventrals  thoracic,  with  one 
spine  and  with  four  or  Jive  rays. 

First  Family — Tebcidje. 

The  scales  extend  but  rarely  over  the  vertical  fins,  and  the 
lateral  line  is  generally  present,  continuous  from  the  head  to  the 
caudal  fin.  All  the  teeth  simple  and  conical ;  no  barbels.  No 
bony  stay  for  the  prccoperculum. 

A  large  family,  represented  by  numerous  genera  and  species 
in  fresh  waters,  and  on  all  the  coasts  of  the  temperate  and 
tropical  regions.     Carnivorous. 

Fossil  Percoids  abound  in  some  formations,  for  instance, 
at  Monte  Bolca,  where  species  of  Labrax,  Lates,  Smerdis  and 
Cydopoma  (both  extinct),  I>ides,  Serranus,  Apogon,  Therapon, 
and  Pristipoma  have  been  recognised.  Paraperca  is  a  genus 
recently  discovered  in  the  Maries  of  Aix-en-Provence.  A 
species  of  Perca  is  known  from  the  freshwater  deposit  of 
Oeningen. 

Perca. — All  the  teeth  are  villiform,  without  canines ;  teeth 
on  the  palatine  bones  and  vomer ;  tongue  toothless.  Two  dorsal 
fins,  the  first  with  thirteen  or  fourteen  spines ;  anal  fin  with  two 
spines.  Pneoperculum  and  praeorbital  serrated.  Scales  small ; 
head  naked  above.  Brancliiostegals  seven.  Vertebrae  more  than 
twenty-four. 

The  "Freshwater  Perch"  (Perca  fluviatilis)  is  too  familiarly 
known  to  require  description.  It  is  generally  distributed 
over  Europe  and  Northern  Asia;  and  equally  common  in 
North  America,  there  being  no  sufficient  ground  for  separat- 
ing specifically  the  specimens  of  the  Western  Hemisphere. 
It  frequents  especially  still  waters,  and  sometimes  descends 
into  brackish  water.     Its  weight  does  not  seem  to  exceed 
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5  lbs.  The  female  deposits  her  ova,  united  together  by  a 
viscid  matter,  in  lengthened  or  net-shaped  bands,  on  water- 
plants.    The  number  of  the  e^gs  of  one  spawn  may  exceed  a 


Fig.  151.— Perca  fluviatilL*,  the  PwvU. 

million.  Two  other  species,  P.  gracilis,  from  Canada,  and  P. 
schrenekii,  from  Turkestan,  have  been  distinguished,  but  they 
are  very  imperfectly  known.  An  allied  genus  is  Siniperca, 
from  Northern  China. 

Percicethts. — Differing  from  Perca  especially  in  the  number 
of  the  fin-spines,  which  are  nine  or  ten  in  the  first  dorsal,  and 
three  in  the  anal  fin.     The  upper  surface  of  the  head  scaly. 

These  iishes  represent  the  Freshwater  Perches  of  the 
Northern  Hemisphere  in  the  fresh  waters  of  the  temperate 
parts  of  South  America,  Two  species  have  been  described 
from  Patagonia,  and  one  or  two  from  Chili  and  Peru. 

LiBRAX. — All  the  teeth  are  villiform,  without  canines ;  teeth 
on  the  palatine  bones,  vomer,  and  the  tongue.  Two  dorsal  fins, 
the  first  with  nine  spines ;  anal  fin  generally  with  three.  Prs- 
operculum  serrated,  and  with  denticulations  along  its  lower  limb ; 
pneorbital  with  the  mai^gin  entire.  Scales  rather  smal).  Branchi- 
oategals  seven ;  well  developed  pseudobranchiie. 

The  "  Bass  "  are  fishes  common  on  the  coasts  of  Europe 
and  the  Atlantic  coasts,  and  in  the  fresh  waters  of  the  United 
States  and  Canada.  Tlie  three  European  species  are  almost 
exclusively  inhabitants  of  the  sea,  entering  brackish,  but 
never  fresh  waters,  whilst  the  American  species,  the  number 
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of  which  is  still  uncertain,  seem  to  affect  principally  fresh 
water,  although  some  are  also  found  in  the  sea.  The  best 
known  European  species  is  Lahrax  Iwpus  (see  p.  41,  Fig.  4), 
common  on  the  British  coasts.  It  is  a  voracious  fish,  with  a 
remarkably  large  stomach,  and  received  from  the  ancient 
Romans  the  appropriate  name  of  lupics.  By  the  Greeks  it 
was  so  highly  esteemed  that  Archestratus  termed  this  or  one 
of  the  two  other  closely-aDied  species,  taken  near  Milet, 
"  offspring  of  the  gods."  They  attributed  to  it  a  tender  regard 
for  its  own  safety;  and  Aristotle  says  that  it  is  the  most 
cunning  of  fishes ;  and  that,  when  surrounded  by  the  net,  it 
digs  for  itself  a  channel  of  escape  through  the  sand.  Speci- 
mens of  from  two  to  three  feet  are  not  scarce,  but  its 
flesh  is  nowadays  much  less  esteemed  than  in  ancient  times. 
Of  the  North  American  species  Lahrax  lineattcs  and  Lahrax 
rufxis  are  the  most  common. 

Lates. — All  the  teeth  are  villiform,  without  canines ;  teeth 
on  the  palatine  bones  and  vomer,  but  none  on  the  tongue.  Two 
dorsal  fins — the  first  with  seven  or  eight,  the  anal  fin  with  two 
or  three,  spines.  Prajoperculum  with  strong  spines  at  the  angle 
and  the  lower  limb ;  also  the  praeorbital  is  strongly  serrated. 
Scales  of  moderate  size.  Branchiostegals  seven  ;  pseudobranchise 
present 

Three  well-known  species  belong  to  this  genus.      The 

Perch  of  the  Nile  and  other  rivers  of  tropical  Africa  {Latcs 

nilotims) ;  the  Perch  of  the  Ganges  and  other  East  Indian 

rivers,  which  enters  freely  brackish  water,  and  extends  to  the 

rivers  of  Queensland  {Lates  calcarifer).    These  two  species 

attain  to  a  large  size,  the  Indian  species  to  a  length  of  five 

feet.     Hamilton  says  that  "the  vulgar  English  in  Calcutta 

call  it '  Cockup,'  and  that  it  is  one  of  the  lightest  and  most 

esteemed  foods  brought  to  table  in  that  city."     Specimens 

two  feet  in  length  and  caught  in  salt  water  are  by  far  the 

best  quality.     The  third  species  {Lates  colo^wrum)  is  found  in 
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Australia  only,  and  does  not  appear  to  grow  to  the  same 
large  size  as  its  congeners. 

Allied  to  Lates  is  Psammoperca  from  Australia. 

Percalabrax. — All  the  teeth  viUiform,  without  canines; 
teeth  on  the  palatine  hones  and  vomer,  hut  none  on  the  tongue. 
Two  dorsal  fins — the  first  with  eleven,  the  anal  fin  with  three 
spines.  Praeoperculum  serrated  along  its  hinder  margin,  and  with 
strong  spinous  teeth  helow ;  praeorbital  not  serrated.  Scales 
rather  small.     Branchiostegals  seven ;  pseudobranchise  present. 

This  Perch  (PerccUairax  japonicus)  is  one  of  the  most 

common  fishes  on  the  coasts  of  China,  Japan,  and  Formosa ; 

the  Japanese  name  it  "  Zuzuki,"  or  "  Seengo." 

AcERiNA. — All  the  teeth  villiform,  without  canines ;  teeth  on 
the  vomer,  b.ut  none  on  the  palatine  bones  or  the  tongue.  One 
continuous  dorsal  fin,  of  which  the  spinous  portion  consists  of 
from  thirteen  to  nineteen  spines ;  two  anal  spines.  Body  rather 
low,  with  rather  small  scales.  Bones  of  the  skull  with  wide 
muciferous  cavities ;  praeoperculum  denticulated. 

Small  freshwater  perches,  of  which  A.  cemtui,  named 
"  Pope  "  in  England,  is  the  most  common,  and  has  the  widest 
distribution  in  Central  Europe  and  Siberia.  The  two  other 
species  have  a  more  restricted  range,  A.  schrcctzer  being  con- 
fined to  the  Danube  and  other  rivers  emptying  into  the 
Black  Sea;  and  A.  czekanowskii  to  Siberian  rivers.  This 
genus  is  not  represented  in  the  Western  Hemisphere. 

LuciopEROA. — Teeth  in  villiform  bands,  those  in  the  jaws  with 
additional  canines ;  palatine  bones  toothed.  Two  dorsal  fins — 
the  first  with  from  twelve  to  fourteen,  the  anal  fin  with  two 
spines.     Prseoperculum  serrated ;  scales  small. 

The  "  Pike-Perches  "  are  inhabitants  of  many  lakes  and 

rivers  of  the  temperate  northern  zone.    The  European  species 

is  confined  to  the  eastern  two-thirds  of  the  continent,  and  one 

of  the  most  esteemed  freshwater  fishes ;  it  attains  to  a  length 

of  three  or  four  feet,  and  to  a  weight  of  from  25  to  30  lbs. 
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It  has  been  recommended  for  acclimatisation  in  England,  and 
there  is  no  doubt  that  in  certain  localities  it  might  prove  a 
valuable  addition  to  the  native  faima ;  but  like  all  its  con- 
geners it  is  very  voracious  and  destructive  to  smaDer  fishes. 
Two  other  species  inhabit  rivers  of  European  and  Asiatic 
Russia,  and  two  or  three  the  fresh  waters  of  North  America. 

PiLEOMA. — ^AU  the  teeth  minute,  villiform,  without  canines ; 
teeth  on  the  vomer  and  palatine  bones.  Two  dorsal  fins — the 
first  with  fourteen  or  fifteen  spines.  Body  rather  elongate,  with 
small  scales.     Praeoperculum  not  serrated. 

Small  freshwater  perches  abundant  in  the  United  States. 
Like  the  following  genus,  and  some  others  which  need  not 
be  mentioned  here,  they  can  be  regarded  as  small,  dwarfed 
representatives  of  the  preceding  genera.  The  species  seem 
to  be  numerous,  but  have  not  yet  been  sufficiently  well  dis- 
tinguished. The  latest  and  best  account  of  them  is  by  L. 
Vaillant,  "Eecherches  sur  les  Poissons  d'eaux  douces  de 
TAm^rique  septentrionale  (Hth^ostamutidce)''  in  Nouv.  Archiv. 
du  Museum  d'Hist.  Nat.  de  Paris,  ix.,  1873. 

BoLEosoHA.  — Allied  to  PUeomay  but  with  only  nine  or  ten 
feeble  spines  in  the  first  dorsal  fin.     North  America. 

AsPRO. — ^Body  elongate,  cjUndrical ;  snout  thick,  projecting 
beyond  the  mouth,  which  is  situated  at  its  lower  side.  All  the 
teeth  villiform,  without  canines ;  teeth  on  the  vomer  and  palatine 
l)ones.  Two  separate  dorsals.  Praeoperculum  seiTated ;  prse- 
orbital  entire.     Scales  small. 

Two  small  Perches  from  the  Danube  and  some  other 

rivers  of  the  continent  of  Europe,  Aspro  vulgains  and  A. 

zingcL 

Centropomus. — Body  oblong,  compressed,  with  scales  of  mode- 
rate size.  All  the  teeth  villiform,  without  canines  ;  teeth  on  the 
vomer  and  palatine  bones.  Two  dorsal  fins,  the  first  with  eight 
strong  spines,  the  anal  with  three,  the  second  of  which  is  very 
strong  and  long.     Praeoperculum  with  a  double  denticulated  edge. 
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Numerous  species  are  known  from  the  West  Indies  and 
Central  America.  These  fishes  are  found  in  fresh,  brackish, 
and  salt  water,  and  some  of  the  species  indiscriminately  enter 
all  three  kinds  of  water.  They  do  not  grow  to  any  large  size, 
but  are  esteemed  as  food. 

Enoplosus. — ^Body  much  elevated,  the  depth  being  stiU  more 
increased  by  the  high  vertical  fins.  All  the  teeth  are  villiform, 
without  canines ;  teeth  on  the  vomer,  palatine  bones,  and  the 
tongue.  Two  dorsal  fins,  the  first  with  seven  spines.  Praeoper- 
culum  serrated,  with  spinous  teeth  at  the  angle.  Scales  of  mode- 
rate size. 

A  small  and  very  common  marine  species  {E.  annatus)  on 

the  coast  of  Australia,  especially  New  South  Wales.     It  is 

readily  recognised  by  the  pecidiar  shape  of  its  body,  and  eight 

black  transverse  bands  on  a  whitish  ground. 

This,  and  the  preceding  genus,  leads  to  the  true  "Sea 
perches,"  which  never,  or  but  rarely,  enter  fresh  water : — 

CKNTROPRisTia — Body  oblong,  with  scales  of  small  or  mode- 
rate size.  Teeth  villiform,  with  small  canines  in  both  jaws ;  vome- 
rine teeth  placed  in  an  angular  band,  era  short  triangular  patch; 
teeth  on  the  palatine  bones,  but  none  on  the  tongue.  One  dorsal, 
with  the  formula  iririii  t  ^^^  ^  f^-  Praeoperculum  serrated ; 
sometimes  with  the  angle  projecting,  and  armed  with  long  spines. 

About  twenty  species  of  small  size  are  known  from  tem- 
perate and  tropical  seas. 

Anthias.  —  Body  rather  short,  compressed,  with  scales  of 
moderate  size.  Teeth  villiform,  with  small  canines  in  both  jaws; 
teeth  on  the  vomer,  and  palatine  teeth.  One  dorsal,  generally 
with  ten  spines ;  anal  fin  with  three  ;  caudal  forked.  The  rays 
of  one  or  more  fins  may  be  prolonged.      Praoperculum  serrated. 

About  twenty  species  are  known  from  temperate  and 

tropical  seas;  they  are  mostly  of  small  size,  and  agreeably 

coloured,  pink  and  yellow  being  the  predominant  colours. 

Anthias  sacer  is  common  in  the  Mediterranean,  and  was  well 


known  to  the  ancients.  Aristotle  says  that  the  lishers  of 
Sponges  call  it  sacied,  because  no  voracious  fishes  came  to  the 
places  which  it  frequented,  and  the  diver  might  descend  with 
safety. — CaUanthias  is  a  genns  closely  allied  to  ArUhuis. 

Serranus.  —  Body  oblong,  compressed,  with  small  scales. 
Teeth  villifonn,  with  very  distinct  canines  in  both  jaws ;  teeth 
on  the  vomer  and  palatine  bones,  none  on  the  tongue.  One 
dorsal,  mostly  with  nine  or  eleven,  rarely  with  eight,  ten  or 
twelve  spines ;  anal  Hn  with,  three :  all  the  spines  being  stout. 
Prteoperculum  serrated  behind  nnd  at  the  angle,  but  not  below. 

The  "  Sea  perches  proper "  are  found  on  the  shores  of  all 
temperate  and  tropical  seas,  most  abundantly  in  the  latter. 
A  few  species  enter  brackish  and  even  fresh  water,  one  having 
been  found  as  high  up  the  Ganges  as  the  confines  of  NepaL 
However,  all  spawn  in  the  sea  The  variety  of  species  is 
almost  infinite,  about  150  being  tolerably  well  known,  and 
many  more  having  been  described.  The  distinction  of  the 
species  is  most  difficult,  and  nearly  impossible  to  those  who 
have  no  opportunity  of  closely  and  long  observing  them  in 
nature,  as  they  are  not  only  subject  to  great  variation  of 
colour,  but  also  to  considerable  chaises  dependent  on  age. 


Fig.  1.^2. — Senaaiu  oltirelis. 

Many  are  most  agreeably  coloured,  and  ornamented  with  spots, 
or  cross  bands  or  longitudinal  stripes ;  colours  which  become 
more  uniform  with  age  in  those  species  which  attain  to  a 


large  size.  Tlie  majority  remain  of  i-atlier  small  size,  growing 
to  a  length  of  one  or  two  feet ;  but  not  a  few  reach  more 
than  twice  that  length,  and  may  even  become  dangerous  to 
man.  Instances  of  bathers  having  been  attacked  by  a  gigantic 
species  not  uncommon  at  the  Seychelles  and  Aden  are  on 
record,  the  persons  having  died  from  the  injuries  received. 
Almost  all  the  species  are  eatable,  and  many  are  esteemed  as 
food.  One  species  is  common  on  the  British  coasts  (S.  cabrilla), 
and  probably  some  of  the  more  southern  species  (S.  scriba 
and  S.  gigas)  occasionally  wander  as  far  northwartls  as  the 
British  Channel  The  species  figured,  S.  altivdis,  is  locally 
distributed  over  nearly  all  the  tropical  parts  of  the  Indian 
Ocean,  and  distinguished  by  particularly  high  dorsal  and  anal 
fins.  Ani/perodon  and  Prionodcs  are  two  genera  closely  allied 
to  Sen-aniia. 

Plectrofoma. — Form  of  the  body  and  dentition  (see  p.  127, 
Fig,  54)  similar  to  that  of  Serramts,  ivith  a  prEeoperculum  serrated 
behind,  and  armed  with  spinous  teeth  Ijelow,  which  are  directed 
forwards.     Dorsal  fin  with  from  seven  to  thirteen  spines. 

About  thirty  species  from  tropical  seas  are  known. 
TnKJtyponia  is  allied  to  this  genus. 

PoLTPRiON. — Body  oblong,  rather  compr?E?«d,  covered  with 
email  scales.  All  the  teeth  are  villifonu  ;  tiieth  on  the  vomer, 
palatine  bones,  and  the  tongue.  One  dorsal  with  eleven  or 
twelve  spines;  anal  with  three.  Pra'opereuhim  dentioulaWwi ;  a 
strong,  rough,  longitudinal  ridge  on  the  oiierculura. 

Two  species  are  known :  one  from  the  £uropoan  cowts 
{P.  cemiiim),  and  one  from  Juan  Fernandez  (P.httri).  They 
attain  to  a  weight  of  80  lbs.  and  mure.  Hie  EongiP'' 
species  has  the  habit  of  acconipanj 
they  are  attracted  i>y  the 
surrounding  such  objects, 
is  known  by  tb 


J 
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miDute  scales  imbedded  in  the  thick  skin.  All  the  teeth  are 
villiform ;  teeth  on  the  vomer  and  palatine  bones.  Two  dorsal 
fins,  the  first  with  seven  spines.  Prseoperculum  without  serra- 
ture,  but  with  three  short  spines.  A  short  skinny  barbel  is 
frequently  developed  at  the  chin. 

Three  species  are  known  from  the  Indo- Pacific ;  they  are 
of  small  size.  One,  G.  orUntalis,  is  black,  with  six  or  seven 
white  longitudinal  stripes,  and  one  of  the  most  common 
coast-fishes  of  that  ocean. 

EttYPTFCus. — Body  oblong,  compreKsed,  covered  with  minute 
scales  imbedded  in  the  thick  skin.  All  the  teeth  are  villiform ; 
teeth  on  the  vomer  and  palatine  bones.  The  spines  of  the  ver- 
tical fins  are  but  little  developed,  always  in  small  number  and 
short,  and  may  disappear  entirely,  Prseoperculum  not  serrated, 
with  some  obtuse  spines. 

Four  species  are  known :  three  from  the  West  Indies 
and  one  from  the  Galapagoes  Islands 

Other  genera  allied  to  the  two  preceding  are  Avlacoce 
phalus  from  Mauritius  Keunion  and  Japan  and  Mynodon 
from  the  coasts  of  Australia 

DiPLOPRioN  — Bodj  rather  elevated  compressed  with  small 
scales.  All  the  teeth  villiform  teeth  on  the  vomer  and  pala 
tine  bones.  Two  dorsal  fine  the  first  with  eight  spines  anal 
with  two.     Pneoperculum  with  a  double  denticulated  limb 

The  single  species  known  {D    htfaenatutn)  is  veiy  com 


Fig.  153. — Mesoprion  manostigiua. 

men  in  the  East  Indian  Archipelago,  and  on  the  coasts  of 


Southern  China  and  Japan.  It  is  of  small  size,  and  oma* 
mented  with  two  broad  black  cross-bands. 

Mbboprion. — Body  oblong,  compressed,  covered  with  scales  of 
moderate  size.  Teeth 
villiform,  with  canines  in  . 
both  jaws ;  teeth  on  the 
vomer  and  palatine  bones. 
One  dorsal  fin,  with  ten 
or  eleven,  rarely  with 
more  spines ;  anal  fin  with 
threa    Prseoperculum  ser-  ^  j 

rated;  in  some  species  Fig.  154.— Op«rcle«  a,  of  Maoprvm;  b,  of 
{GenyOTOge)  a  more  or  less  a"^y<yroge;  o,  knob  received  in  *  notch  of 
distinct  spinous  knob  pro-  ^  pneopercu  um. 

jects  from  the  surface  of  the  interoperculum,  and  is  received  in 
a  more  or  less  deep  notch  of  the  pneopercular  margin. 

About  seventy  species  are  known  from  tropical  seas  in 
both  hemispheres,  but  it  is  noteworthy  that  the  species  with 
the  peculiar  protuberance  of  the  interoperculum  are  confined 
to  the  Indo-Pacific  The  coloration  is  much  more  simple 
than  in  the  small-scaled  Serrani,  a  uniform  hue  of  greenish, 
pink,  or  red  prevailii^ ;  species  with  longitudinal  bands  are 
scarce,  but  not  rarely  dark  cross-bands  or  a  large  spot  on  the 
side  occur.  The  majority  of  the  species  remain  within  very 
moderate  dimensions,  specimens  exceeding  three  feet  in 
length  being  scarce.  They  are  generally  eaten,  and  some  of 
the  species  belong  to  the  commonest  fishes  of  the  tropics,  as 
Jf.  bengalensis,  chrymrus,  gembra,  griaeus,  and  others. 

Olawcoaoma  from  Japan  and  Australia  is  allied  to  Meso- 
prion. 

Doles. — Body  oblong,  compressed,  with  scales  of  moderate 
size,  and  very  indistinctly  ctenoid.  Alt  the  teeth  are  villiform  ; 
teeth  on  the  vomer  and  palatine  bones.  One  dorsal  with  ten 
spines  ;  anal  fin  with  three.  Prseoperculum  serrated.  Six 
branch  iostegals  only. 
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About  ten  species  are  known,  inhabiting  fresh  waters  of 
the  coasts  of  the  Indo-Pacific,  and  being  especially  common 
in  the  islands  of  this  region,  and  also  in  Tropical  Australia. 
Some  live  also  in  brackish  water.  Though  of  small  size  they 
are  esteemed  as  food. 

Therapon. — ^Body  oblong,  compressed,  with  scales  of  moderate 
size.  All  the  teeth  are  villiform,  those  of  the  vomer  and  pala- 
tine bones  being  rudimentary,  and  frequently  absent  One  dorsal, 
with  a  depression  in  its  upper  margin,  and  twelve  or  thirteen 
spines ;  anal  fin  with  three.  Prseoperculum  serrated.  Air- 
bladder  with  two  divisions,  an  anterior  and  posterior.  Six 
branchiostegals. 

About  twenty  species  are  known,  the  distribution  of  which 
nearly  coincides  with  Dtdes,  but  as  some  of  the  species  are 
more  or  less  marine,  the  genus  is  spread  over  the  whole  area 
of  the  tropical  Indo-Pacific.  Other  species,  especially  those 
of  Australian  rivers,  are  entirely  limited  to  fresh  water.  Th. 
theraps,  Th.  servus,  and  Th,  cuvieri  belong  to  the  most  com- 
mon fishes  of  that  area,  extending  from  the  east  coast  of 
Africa  to  Polynesia.  They  are  readily  recognised  by  the 
blackish  longitudinal  bands  with  which  the  body  is  orna- 
mented. All  the  species  are  of  small  size.  Helotes  is  closely 
allied  to  this  genus. 

Pristipoma. — Body  oblong,  compressed,  with  ctenoid  scales  of 
moderate  size.  Clefb  of  the  mouth  hori- 
zontal, not  very  wide,  with  the  jaws  nearly 
equal  in  length  anteriorly;  a  central  pit 
below  the  chin;  villiform  teeth  in  the 
jaws  without  canines;  palate  toothless. 
One  dorsal,  with  eleven  to  fourteen  spines ; 
anal  with  three.  Vertical  fins  not  scaly,  or 
with  scales  along  the  base  only.     Prseoper-  ^*«- 155.— Lower  view  of 

1  ,    :•       -r*         1  •     .        1  mandible  of  PrLstipoma 

culum  serrated.     Branchiostegals,  seven.  manadenae. 

About  forty  species  are  known,  all  from  the  sea.  They 
are  extremely  common  between  the  tropics,  some  of  the 

2c 
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species  exteading  into  the  Beigbbouring  sub-tropical  parts. 
they  do  not  attain  a  latge  size,  and  generally  iiave  a  plain 
coloration.     Conodon  is  an  allied  genus. 

H^UTLON. — Body  oblong,  compreeeed,  with  ctenoid  scales  of 
moderate  size.     Cleft  of  the  mouth  horizontal,  generally  wide. 


Fig,  158. — Hsmulon  breviroatnuu, 
with  the  jawB  equal  in  length  anteriorly ;  a  central  pit  below  the 
chin ;  villiform  teeth  in  the  jaws,  without  canines ;  palate  tooth- 
less. One  dorsal,  with  twelve  or  thirteen  spines ;  anal  with 
three ;  the  soft  portions  of  the  vertical  iins  scaly  to  their  margins. 
Pneoperculum  serrated.     Branchiostegals,  seven. 

Marine;  sixteen  species  are  known  from  the  jCoasta  of 
Tropical  America ;  they  are  of  rather  small  size.  Tlie  species 
figured  occurs  on  both  sides  of  Central  America.  Hapalogcnyn 
is  an  allied  genus. 

DiAGRAMUA. — ^Body  oblong,  compressed,  covered  with  rather 
small  ctenoid  scales.  Upper  profile  of  the  head  parabolic ;  cleft 
of  the  mouth  small,  horizontal ;  horn,  four  to  six  pores  under  the 


.'■     >■    L  jj     V  ^'. 


PERCIDiK.  387 

mandible,  but  without  central  pit      Teeth  villiform,  without 

canines ;  palate  toothless.     One 

dorsal   fin,  with   from   nine   to 

fourteen  spines ;  anal  with  three. 

Vertical  fins  not  scaly.      Prse- 

operculum  serrated ;  infraorbital 

not  armed.     Branchiostegals,  six  j,.^  isy.-Diagmmma  orientals  from 
or  seven.  the  Indo-Pacific 

Forty  species  are  known,  which,  with  very  few  exceptions, 
belong  to  the  tropical  parts  of  the  Indo-Pacific.  Some  attain 
to  a  size  not  very  common  among  Sea-Perches,  viz.  to  a  length 
of  from  three  to  four  feet.  Many  are  agreeably  coloured  with 
black  bands  or  spots.  All  appear  to  be  esteemed  as  food. 
Hyperoglyjphe  from  Australia  is  allied  to  this  genus. 

LoBOTES. — Body  rather  elevated,  compressed,  with  ctenoid 
scales  of  moderate  size.  Eye  rather  smalL  Snout  obtuse,  with 
oblique  cleft  of  the  mouth,  and  with  the  lower  jaw  longest. 
Teeth  villiform,  without  canines  j  palate  toothless.  One  dorsal 
fin  with  twelve  spines ;  anal  with  three.  Praeoperculum  denticu- 
lated.    Branchiostegals,  six. 

A  remarkable  fish  (Z.  audoruw)  on  account  of  its  extra- 
ordinary range.  Common  in  many  localities,  scarcer  in 
others,  it  occurs  in  the  East  Indies,  and  on  all  the  Atlantic 
coasts  of  tropical  and  temperate  America.  Doderlein  found 
it  on  the  coast  of  Sicily  in  1875.  It  lives  in  salt  and  brackish 
water,  and  is  known  to  attain  to  a  length  of  two  feet. 

HiSTioPTERUS. — Body  rather  elevated,  strongly  compressed, 
with  very  small  scales.  Snout  much  produced,  the  anterior  profile 
of  the  head  being  concave.  Mouth  small,  at  the  end  of  the  snout. 
Teeth  villiform,  without  canines  j  palate  toothless.  Some  of  the 
spines  and  rays  of  the  vertical  and  pectoral  fins  very  long.  One 
dorsal,  with  about  ten  spines ;  anal  with  three.  Prseopercular 
margin  partly  serrated.     Branchiostegak,  six. 

Marine.  Four  species  are  known  from  Japan  and  South 
Australia.     The  species  figured  attains  to  a  length  of  20 
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6rrbe& — ^Body  oUong  or  ntber  eleTsted,  cartni  widi  acalea 
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palate  tootUeai.  Hie  two  diriiions  of  the  dorsal  fin  arc  neajfy 
Mpanted  by  a  deep  indakKL  Formula  of  the  vertical  fina — 
D.  -fy  A.  flf.  Caudal  fin  foiled.  Pmopercalam  genaallj 
Lover  pharyngeal  btnes  coakacent. 


TERCIDJE.  389 

More  than  thirty  species  are  known  of  this  genus,  which 
bear  so  close  a  resemblance  to  one  another  that  their  distinc- 
tion is  rather  difficult.  They  live  in  the  seas  between  the 
Tropics,  and  some,  perhaps  all,  of  the  species  enter  fresh 
water.  Very  rarely  they  exceed  a  length  of  ten  inches; 
nearly  all  have  a  plain  silvery  coloration.  The  coalescence 
of  their  lower  pharyngeals  renders  their  systematic  position 
rather  uncertain,  and,  indeed,  some  Ichthyologists  have  referred 
them  to  the  Pharyngognaths. 

ScoLOPSis. — Body  oblong,  covered  with  scales  finely  serrated 
and  of  moderate  size.  Jaws  nearly 
equal  in  length  anteriorly ;  cleft  of  the 
mouth  horizontal.  Teeth  villiform, 
without  canines ;  palate  toothless.  One 
dorsal  fin.  Formula  of  the  vertical 
fins :  D.  V  A.  ^.  Caudal  fin  forked. 
Prseoperculum  distinctly  denticulated ; 
infraorbital  ring  with  a  spine  directed 
backwards.     Branchiostegals,  five.  ^^-  160. -Infraorbital  spine 

of  Scolopsis  monogramma. 

Marine,  and  of  small  size.  Twenty-five  species  are  known 
from  the  tropical  parts  of  the  Indo-Pacific.  JfeterogncUhodon 
is  an  allied  genus,  but  without  the  infraorbital  spine. 

Dentex. — Body  oblong,  covered  with  ctenoidscales  of  moderate 
size.  Cleft  of  the  mouth  nearly  horizontal,  with  the  jaws  equal 
in  length  anteriorly.  Canine  teeth  in  both  jaws ;  palate  tooth- 
less. One  dorsal  fin.  Formula  of  the  vertical  fins :  D.  U:f} 
A.  Y?T«  Caudal  fin  forked.  Prseoperculum  without  serrature ; 
prseorbital  unarmed  and  broad,  there  being  a  wide  space  between 
the  eye  and  the  cleft  of  the  mouth.  Cheek  covered  by  more 
than  three  series  of  scales.     Branchiostegals,  six. 

Marine  Fishes,  rather  locally  distributed  in  the  Mediter- 
ranean, on  the  south  coast  of  Africa,  in  the  Eed  Sea,  East 
Indian  Archipelago,  and  on  the  coasts  of  China  and  Japan. 
About  fourteen  species  are  known,  some  of  which  attain  a 
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weight  of  30  lbs.  and  more.  They  form  a  not  unimportant 
article  of  food  where  they  are  found  in  any  number,  as  on 
the  Cape  of  Good  Hope.  The  species  found  in  the  Mediter- 
ranean {D.  vulgaris)  wanders  sometimes  to  the  south  coast  of 
England,  and  is  one  of  the  larger  species.  The  coloration  of 
these  fishes  is  rather  uniform,  silvery,  or  pink,  or  greenish. 
Symphoras  is  an  allied  genus  from  the  Indo-Pacific. 

Synagris. — ^Body  rather  elongate,  covered  with  ciliated  scales 
of  moderate  size.  Cleft  of  the  mouth  horizontal,  with  the  jaws 
equal  in  length  anteriorly.  One  continuous  dorsal,  with  feeble 
spines  j  dorsal  V,  anal  ^.  Caudal  deeply  forked.  Teeth  villi- 
form,  with  canines  at  least  in  the  upper  jaw.  Infraorbital  not 
armed ;  praeoperculum  without,  or  with  a  very  indistinct  ser- 
rature.     Cheek  with  three  series  of  scales.     Branchiostegals  six. 

Marine  fishes  of  small  size;   about  twenty  species  are 

known  from  the  tropical  parts  of  the  Indo-Pacific.     Pentaptis, 

Choctopterus,  and  Aphareus  are  allied  genera  from  the  same 

area. 

Mask  A. — Body  oblong,  compressed,  covered  vnih.  ciliated  scales 
of  moderate  size.  Mouth  very  protractile,  the  intermaxillar}' 
pedicles  extending  backwards  to  the  occiput.  Teeth  villiform ; 
minute  teeth  on  the  vomer.  One  dorsal,  scaleless,  with  feeble 
8pine&  D.  -J-r*  A.  |-.  Caudal  fin  forked.  Praeopcrculum  without 
serrature.     Branchiostegals  six. 

Small  fishes    from   the   Mediterranean,    known    to    the 

ancients ;  valueless  as  food.     Three  species. 

Smaris. — ^Body  oblong  or  cylindrical,  covered  with  rather 
small  ciliated  scales.  Mouth  very  protractile,  the  intermaxillary 
pedicles  extending  backwards  to  the  occiput.  Teeth  villiform. 
Palate  toothless.  One  dorsal,  scaleless,  with  eleven  or  more  very 
feeble  spines ;  anal  with  three.  Caudal  fin  forked.  Pneoper- 
culum  without  serrature.     Branchiostegals  six. 

SmaU  fishes  from  the  Mediterranean.     Six  species. 

CiESio. — ^Body  oblong,  covered  with  ciliated  scales  of  moderate 
size.     Cleft  of  the  mouth  more  or  less  oblique,  with  the  jaws 
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equal  in  length  anteriorly,  or  with  the  lower  somewhat  projecting. 
Teeth  villiform ;  palate  generally  toothless.  One  dorsal,  wilJi 
from  nine  to  thirteen  very  feeble  spines,  with  the  anterior  part 
highest,  and  the  posterior  covered  with  minnte  scales.  Caudal 
fin  deeply  forked.  Pneopeiculum  witJiout,  or  with  minnte, 
eerrature. 

Small  fishes  from  the  Indo-Pacific.     Twelve  species. 

Erythrichthys.— Body  elongate,  covered  with  small  ciliated 
scales.  Mouth  very  protractile,  the  pedicles  of  the  intermaxillary 
extending  to  the  occiput.  Dentition  quite  rudimentary  or  entirely 
absent  Two  dorsal  lins  connected  by  a  series  of  very  feeble 
spines ;  also  the  anterior  spines  are  feeble.  Prteoperculum  not 
serrated. 


Fig  16    — Enlarged  Ecale 


Fig  163.— ProtractilB  month. 


Small  fishes  from  various  tropical  and  temperate  seas. 
Four  species :  the  species  figured  occurs,  but  is  not  common. 
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on  tbe  coasts  of  Western  Australia,   Tasmania,  and  New 
Zealand. 

OUGORU.S. — Body  oblong,  covered  with  smaU  scales.  Cleft  of 
tbe  mouth  rather  oblique,  the  lower  jaw  being  the  longer.  Teeth 
yilliform,  without  canines ;  teeth  on  the  vomer  and  palatine 
bones.  One  dorsal,  with  eleven  spines ;  anal  with  three ;  caudal 
fin  rounded.  Praeoperculum  with  a  single  smooth  or  obtusely 
denticulated  margin. 

To  this  genus  belong  two  fishes  well  known  on  account  of 

the  excellent  flavour  of  their  flesh.   The  first  (0.  macqiLariensis) 

is  called  by  the  colonists  "  Murray-Cod,"  being  plentiful  in  the 
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Fig.  164. — ^The  Murray-Cod,  Oligcrua  macquariauis. 

Murray  Eiver  and  other  rivers  of  South  Australia.  It  attains 
to  a  length  of  more  than  three  feet,  and  to  a  weight  of  nearly 
100  lbs.  The  second  (0.  gigas)  is  found  in  the  sea,  on  the 
coast  of  New  Zealand,  and  called  by  the  Maoris  and  colonists 
"  Hapuku."  Its  average  weight  is  about  45  lbs.,  but  occasion- 
ally huge  specimens  of  more  than  a  hundredweight  are  caught 
At  certain  localities  it  is  so  plentiful  that  it  may  form  an 
important  article  of  trade.  Dr.  Hector,  who  has  had  oppor- 
tunity of  examining  it  in  a  fresh  state,  has  pointed  out 
anatomical  differences  from  the  Murray-Cod,  from  which  it 
appears  that  it  would  be  better  placed  in  a  distinct  genus. 

Grystes. — ^Body  oblong,  covered  with  scales  of  moderate  size. 
All  the  teeth  yilliform,  without  canines  j  teeth  on  the  vomer  and 
palatine  bones.  One  dorsal  fin  with  ten  spines ;  anal  with  three ; 
caudal  fin  rounded.   Pneoperculum  with  a  single  smooth  margin. 


One  species,  from  the  fresh  waters  of  the  United  States 
(G.  salmonoides),  attains  to  a  length  of  more  than  two  feet. 
It  ifl  known  by  the  name  of  "  Growler,"  and  eaten. 

Arripis. — Body  oblong,  covered  with  scales  of  moderate  uze. 
All  the  teeth  villifomi,  without  canines ;  teeth  on  the  vomer  and 
palatine  bones.  One  dorsal  fin,  with  nine  slender  spines  ;  anal 
with  three.     Pneoperculum  denticolated. 


Fig.  16E>. — ArrijrU  talar,  Soutb  AuBtralia. 
Three  species  are  known,  from  the  coasts  of  Southern 
Australia  and  New  Zealand.  They  are  named  by  the  colon- 
ists Salmon  or  Trout,  from  their  elegant  form  and  lively 
habits,  and  from  the  sport  they  afford  to  the  angler.  Their 
usual  size  is  from  1  to  3  lbs.,  but  specimens  of  double  that 
weight  are  taken.  The  smaller  specimens  are  the  more  deli- 
cate and  better  flavoured.  When  not  fresh,  they  are  liable 
to  assume  poisonous  properties ;  and  cases  of  poisoning  are 
not  unfrequently  caused  by  tliem. 

HiTRO. — Body  oblong,  compressed,  covered  with  scales  of 
moderate  size.  All  the  teeth  villiform  ;  bones  of  the  head 
without  serrature.  Month  rather  oblique,  with  the  lower  jaw 
projecting.     Two  dorsal  fins,  the  first  with  six  spines. 

The  "  Black  Bass"  of  Lake  Huron  (Huro  nigricam). 

Ahbassis. — Body  short,  strongly  compressed,  covered  with 
lai^  thin  deciduous  scales.  Mouth  oblique,  with  the  lower  jaw 
longest ;  teeth  villiform,  without  coospicuously  larger  canines ; 
teeth  on  the  vomer  and  palatine  bones.  Two  dorsal  fius,  the 
first  with  seven,  the  anal  with  tliree  spines ;  a  horizontal  spine 
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pointiiig  forwards  in  front  of  the  dorsal  fin.      The  lowtt  limb 
of  the  pneoperculnm  vith  a  doable  serrated  margin. 

This  genus  comprises  the  smallest  of  all  Percoids,  some 
of  the  species  not  much  exceeding  one  inch  in  length.  They 
are  most  abundant  on  tfae  coasts  of  the  tropical  Indo- 
Pacific,  and  in  the  fresh  waters  belonging  to  that  area.  The 
species  are  numerous  (some  thirty  having  been  described), 
and  very  difficult  to  distinguish.  Their  coloration  is  veiy 
plain,  a  silvet^'  hue  prevailing  over  the  whole  fish. 

Apogos. — Body  rather  short,  covered  with  large  deciduous 
scales.  Month  obUqne,  with  tfae  lower  jaw  longest ;  teeth  vtUi- 
form,  without  canines ;  teeth  on  the  vomer  and  palatine  bones. 
Two  dorsal  fins,  the  first  with  six  or  seven,  the  anal  with  two 
spines.  Pneoperculnm  with  a  double  edge  on  the  margin,  one 
or  both  edges  being  serrated.     Seven  branchiostegals. 

Altliough  of  similarly  small  size,  the  fishes  of  this  genus 
represent  a  more  highly  developed  form  of  the  Percoid  type 
than  Amiaaais.    Tlieir  distribntion  coincides  verj-  much  with 


Fig.  166.— Ap"gon 


that  of  Aiiibassis,  but  they  are  cMefly  marine,  comparatively 
few  of  the  species  entering  fresh  water.  They  belong  to  the 
kind  of  fishes  which,  from  their  habit,  are  termed  "  Coral 
Fishes,"  being   found  in  greatest  abundance   on,  or  in  the 
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neighbourhood  of,  coral  reefs,  in  company  with  Chaetodonts, 
Pomacentridoe,  and  others.  Their  colours  also  are  orna- 
mental and  highly  diversified,  as  is  generally  the  case  in 
coral  fishes,  the  majority  of  the  species  showing  transveree 
or  longitudinal  bands  or  large  spots,  and  numerous  other 
smaUer  markings  which,  in  the  dead  fish,  soon  disappear. 
Nearly  one  hundred  species  have  been  described,  of  which 
a  few  only  occur  in  the  Atlantic,  one  extending  northwards 
into  the  Mediterranean. 

Chilodiptcrtcs,  Acropomay  and  Scornbrops  are  allied  genera, 
but  with  canine  teeth  in  one  or  both  jaws. 

PoMATOMUS. — Body  oblong,  covered  with  scales  of  moderate 
size.  Eye  very  large.  All  the  teeth  villiform,  without  canines ; 
teeth  on  the  vomer  and  palatine  bones.  Two  dorsal  fins,  the 
first  with  seven,  the  anal  with  two  spines.  No  serration  on 
any  of  the  bones  of  the  head.     Branchiostegals  seven. 

One  species  only  is  known,  P.  tclescopium,  which  grows 
to  a  length  of  nearly  two  feet.  It  is  not  uncommon  in  the 
Mediterranean  and  neighbouring  parts  of  the  Atlantic,  but 
only  occasionally  caught,  as  it  lives  habitually  at  a  greater 
depth  than  any  other  Percoid  as  far  as  is  known  at  present, 
probably  at  depths  from  80  to  200  fathoms ;  a  habit  suffi- 
ciently indicated  by  its  exceedingly  large  eye. 

Priacanthus. — Body  short,  compressed,  covered  with  small 
rough  scales,  wliich  extend  also  over  the  short  snout.  Lower 
jaw  and  chin  prominent  Eye  large.  All  the  teeth  villiform, 
without  canines  ;  teeth  on  the  vomer  and  palatine  bones.  One 
dorsal  fin  with  ten  spines,  anal  with  three.  Prjeoperculum  ser- 
rated, with  a  more  or  less  prominent,  flat,  triangular  spine  at 
the  angle. 

A  very  natural  genus,  easily  recognised,  and  without 

direct  relation  to  the  other  Percoid  genera.     The  species,  of 

which  seventeen  are  known,  are  spread  over  nearly  all  the 

tropical  seas,  and  belong  to  the  more  common  fishes.     They 
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scarcely  exceed  a  length  of  twelve  inches,  and  are  very  uni- 
fonnly  coloured,  red,  pink,  and  silvery  prevailing. 

The  following  three  genera  form  a  group  by  themselves,  which, 
however,  is  defined  rather  by  its  geographical  limits  and 
similarity  of  general  appearance  than  by  distinctive  anatomical 
characters.  The  species  are  abundant  in  the  fresh  waters 
of  the  United  States,  and  well  known  by  the  name  of  "  Sun 
Fishes."  They  rarely  exceed  a  length  of  six  inches,  and  are 
not  used  as  food.     The  number  of  species  is  uncertain. 

Centrarchus. — Body  short,  compressed,  with  scales  of  mode- 
rate size.  All  the  teeth  viUiform,  without  canines;  teeth  on 
the  vomer,  palatines,  and  on  the  tongue.  One  dorsal  fin  ;  anal 
generally  with  more  than  three  spines.  PrsBoperculum  without 
serrature  ;  operculum  not  lobed. 

Bryttus. — Body  short,  compressed,  with  scales  of  moderate 
size.  All  the  teeth  villiform,  without  canines;  teeth  on  the 
vomer  and  palatine  bones.  One  dorsal  fin  with  nine  or  ten, 
anal  with  three  spines.  Prseoperculum  not  serrated  ;  operculum 
with  a  rounded  membranaceous  coloured  lobe  behind. 

PoMOTis. — Body  short,  compressed,  with  scales  of  moderate 
length  All  the  teeth  villiform,  without  canines ;  teeth  on  the 
vomer,  but  none  on  the  palatine  bones.  One  dorsal,  with  from 
nine  to  eleven  spines,  anal  with  three.  Praeoperculum  entire  or 
minutely  serrated ;  operculum  with  a  rounded  membranaceous 
coloured  lobe  behind. 

A  North  American  Freshwater  genus,  Aphredoderus,  occu- 
pies a  perfectly  isolated  position  in  the  system,  and  is  evidently 
the  type  of  a  distinct  family.  It  resembles  the  "  Sun-fishes  " 
of  the  same  country  with  regard  to  the  structure  of  the  verti- 
cal fins,  but  has  the  vent  situated  in  front  of  the  ventrals, 
which  are  composed  of  more  than  five  soft  rays.  The  body  is 
oblong,  compressed,  covered  with  ctenoid  scales.  The  dorsal 
fin  is  single,  and  has  three  spines  in  front.  Infraorbital  and 
prseoperculum  with  spinous  teeth.    Villiform  teeth  in  the 
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jaws,  on  the  vomer  and  palatine  bones.  A,  sayarms  from  the 
southern  streams  and  fresh  waters  of  the  Atlantic  States. 

To  complete  the  list  of  Percoid  genera,  we  have  to  mention 
the  following: — Siniperca,  Etelis,  Niphon,  Aprion,  Apsilics, 
Pentaceros,  Velifer,  DatnioideSy  Percilia,  Laniaperca. 

Second  Family — Squamipinnes. 

Body  compressed  and  elevcUed,  covered  vrith  scales,  either 
finely  ctenoid  or  smooth.  Lateral  line  corUinuouSy  not  contimied 
over  the  caudal  fin.  Mouth  in  frorU  of  the  svumty  generally 
small,  with  lateral  cleft.  Eye  lateral,  of  moderate  size.  Six  or 
seven  hranchiostegais.  Teeth  vUliform  or  setiform,  in  bands, 
rvithont  canines  or  incisors.  Dorsal  fin  consisting  of  a  spinous 
and  soft  portion  of  nearly  equal  development ;  anal  with  three 
or  four  spines,  similarly  developed  as  the  soft  dorsal,  both  being 
many-rayed.  The  vertical  fins  more  or  less  densely  covered  with 
small  scales.  The  lower  rays  of  the  pectoral  fin  branched,  not 
enlarged ;  ventrcUs  thoracic,  vrith  one  spine  and  five  soft  rays. 
Stomach  coecal. 

The  typical  forms  of  this  family  are  readily  recognised  by 
the  form  of  their  body,  and  by  a  peculiarity  from  which  they 
derive  their  name  Squamipinnes;  the  soft,  and  frequently 
also  the  spinous  part  of  their  dorsal  and  anal  fins  are  so 
thickly  covered  with  scales  that  the  boundary  between  fins 
and  body  is  entirely  obliterated.  The  majority  are  inhabit- 
ants of  the  tropical  seas,  and  abound  chiefly  in  the  neigh- 
bourhood of  coral-reefs.  The  beauty  and  singularity  of  distri- 
bution of  the  colours  of  some  of  the  genera,  as  Cha;todon, 
Heniochus,  Holacanthtis,  is  scarcely  surpassed  by  any  other 
group  of  fishes.  They  remain  within  small  dimensions,  and 
comparatively  few  are  used  as  food.  They  are  carnivorous, 
feeding  on  small  invertebrates.  Only  a  few  species  enter 
brackish  water. 
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Extinct  representatives  of  this  family  are  not  scarce  at 
Monte  Bolca  and  in  other  tertiary  formations.  All,  at  least 
those  admitting  of  definite  determination,  belong  to  existing 
genera,  viz.  HolacarUhua,  Pomaca^Uhits,  Ephippium,  Scato- 
phagvs.  Very  siagular  is  the  occurrence  of  Toxotes  in  the 
Monte  Bolca  strata. 

The  following  genera  have  no  teeth  on  the  palate  i — 

ChjETODON. — One  dorsal  fin,  without  any  notch  in  its  upper 
margin,  and  with  the  soil  and  spinous  portions  similarly  developed ; 
none  of  the  spines  elongate.  Snout  short  or  of  moderate  length. 
Pneoperculum  without,  or  with  a  Hue,  serration,  and  without  spine 
at  the  angle.     Scales  generally  large  or  of  moderate  size. 

Seventy  species  are  known  from  the  tropical  parts  of  the 
Atlantic  and  Indo-Facific,  nearly  all  being  beautifully  orna- 
mented with  bands  or  spots.  Of  the  ornamental  markings  a 
dark  or  bicoloured  band,  passing  through  the  eye  and  ascend- 
ing towards  the  back,  is  very  generally  found  in  these  fishes ; 
it  frequently  occurs  t^in  in  other  marine  Acanthoptery- 
gians,  in  which  it  is  not  rarely  a  sign  of  the  immature 
condition   of   the   individuaL      Tlie    Chtetodonts    are    most 


Fig.  187.— Chstodon  eiihip 


numerous  in  the  neighbourhood  of  the  coral-reefs  of  the  Indo- 
Pacific,  the  species  figured  {C.  ephippium)  being  as  common 
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in  the  East  Indian  Arclu'pelago  as  in  Polynesia,  like  many 
others  of  its  congeners. 

Chelmo  differs  from  Chatodon  only  in  having  the  snout 
produced  into  a  more  or  less  long  tube. 

Only  four  species  are  known,  locally  distributed  in  the 
tropical   seas.     Ch.  rostraliis,   the   oldest  species   known,  is 


Fig.  108.— Clielluo  margiuali 


said  to  have  the  instinct  of  throwing  a  drop  of  water  from 
its  bill  so  as  to  light  upon  any  insect  resting  on  a  leaf, 
and  thus  make  it  fall,  that  it  may  instantly  dart  upon  it. 
This  statement  is  erroneous,  and  probably  rests  upon  the 
mistaken  notion  that  the  long  bill  is  especially  adapted  for 
this  manceuvre,  which,  indeed,  is  practised  by  another  fish 
of  this  family  {Tacoies},  The  long  slender  bill  of  Chelmo 
(which  is  a  true  saltwater  fish)  rather  enables  it  to  draw  from 
holes  and  crev'ices  animals  which  otherwise  could  not  be 
reached  by  it. 

Heniochuh. — One  dorsal,  with  from  eleven  to  thirteen  Bpinee, 
the  fourth  of  which  is  more  or  less  elongate  and  filiform.     Snout 


rather  short  or  of  moderate  length.    Pnaoperculum  witliout  spine. 
Scales  of  moderate  size. 

Four  species  are  known  from  the  tropical  Indo-Pacific. 
H.  ToacroUpidotm  is  one  of  the  most  common  lishes  of  that 
area;  the  species  figured  (ff.  varius)  retains  in  a  conspicuous 


Fig.  189.— Henioclms 


manner  hom-like  protuberances  on  bones  of  the  head,  with 
which  the  young  of  all  the  species  of  this  genus  seem  to  be 
armed. 

HoLAOANTHUS. — Pneoperculum  with  a  strong  spine  at  the 
angle.  One  dorsal,  with  from  twelve  to  fin«en  spines.  Scales  of 
moderate  or  small  size. 

Forty  species  are  known,  which,  in  their  geographical 
distribution  accompany,  and  are  quite  analogoiis  to,  the 
Cluetodonts.  One  of  the  most  common  and  most  beautiful 
is  called  "  Emperor  of  Japan "  by  the  Dutch,  which  name 
has  been  adopted  by  Bloch  for  ite  specific  designation, 
Boiacanthus  imperaior.    Its  body  is  blue,  longitudinally  tra- 
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versed  by  about  thirty  yellow  bands ;  the  ocular  baad,  and 
the  side  behind  the  head,  are  black,  edged  with  yellow;  the 
caudal  fin  is  yellow.  It  is  a  lai^e  species  of  this  genus,  some- 
times attaining  a  length  of  15  inches,  and  as  an  article  of 
food  is  one  of  the  most  esteemed  of  all  the  Indian  species. 
With  regard  to  beauty  of  colours  it  is  surpaased  by  another 
allied  species,  S.  diacanthus,  which  likewise  ranges  &om  the 
east  coast  of  Africa  to  Polyueaia. 

PoH&CANTHCS  differs  from  ffolamnlhus  in  having  from  eight 
to  ten  spines  only  in  the  dorsal  fin. 

The  single  species  (P.  parii)  on  which  this  genus  is  founded 
is  one  of  the  most  common  fishes  of  the  West  Indies,  and 
oflers  one  of  the  most  remarkable  instances  of  variation  of 
colour  within  the  limits  of  the  same  species  :  some  specimens 
being  ornamented  with  more  or  less  distinct  yellowish  cross- 
bands,  others  with  yellow  crescent-shaped  spots ;  in  others 
black  spots  predominate. 

ScATOFHAQUB. — ^Two  dorsol  fins,  united  at  the  base,  the  first 
with  ten  or  eleven  spines  j  only  the  second  is  scaly.     A  recum- 


Fig.  170. — ScutDphagiu  mulliTaaciatus, 

bent  spine  before  the  dorsal,  pointing  forwards.     Anal  with  four 

2d 
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spines.      Snout  rather  short.      Prseoperculum   without   spine. 

Scales  veiy  small. 

Four  species  are  known,  from  the  Indian  Ocean,  of  which 

S.  argus  is  the  most  generally  known,  in  fact,  one  of  the  most 

conunon  Indian  shore-fishes.     It  freely  enters  lai^e  rivers, 

and  b  said  not  to  be  particular  in  the  selection  of  its  food. 

The  species  figured  (S.  vmUifasciatus)  represents  S.  aiyas  on 

the  coasts  of  Australia. 

Epbifpus. — Snout   short,  with  the  upper  profile  parabolic. 

Dorsal  fin  deeply  emargin&te  between  the  spinous  and  soft  portions, 
the  former  with  nine  spines,  the  third 
of  which  is  rather  elongate,  and  flexible ; 
spinous  portion  not  scaly ;  anal  spines 
three.  Pectoral  fin  short.  Prteoper- 
culum  without  spine.  Scales  of  moderate 
size,  or  rather  small. 

Two  or  three  species  are  known 
from  the  warmer  parts  of  the  Atlantic 
and  Indian  Oceans.  The  Atlantic 
species  {E.  fubrr)  shows  the  remark- 
able ]>eculiarity  that  in  old  8i)ecimens 
(12  and  more  iuclies  long)  the  occi- 
pital crest,  and  sometimes  some  of  the 
anterior  neural  and  Iiiemal  spines  are 

F[g.I71.-BonrenWmeMotgjjg^g^gj        ^j  ,    jj^^^    ^    globular 

crauial  bones  of  EpMppus.  jo  u 

o,Eni»rgeniBQtoruiBtnnitai,  bony  ma^  This  can  hardly  be 
«nd  b,  of  tie  >np™«cipit.d  reranled  as  a  pathological  change  of 
bonea;   c,   inUromtal   eep- 

turn ;  d,  buu  cnmiL  }  niiL  the  bone,  as  it  uas  been  found  m  all 
■'"■  old  specimens,  without  exception. 

Ihvpane  is  allied  to  Ephippvs,  but  lias  very  long  falciform 
pectoral  fins.  The  single  species  S.  punctata  is  common  in 
the  Indian  Ocean  and  on  the  coasts  of  Australia.  Hypsirwtus, 
from  Japan,  appears  to  inhabit  a  greater  depth  than  the 
other  Squamipinnes. 

Sarrpis  and  Atypichlhys  are  genera  distinguished  from  the 
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preceding  by  the  presence  of  vomerine  teeth.  They  belong 
to  the  coast-fauna  of  Australia,  New  Zealand,  and  ChilL 

T0XOTE8. — Body  short,  compresaed,  covered  with  scales  of 
moderate  size.  Snout  pointed,  with  a  wide  latend  mouth  and 
projecting  lower  jaw.  One  dorsal,  with  five  strong  spines 
situated  on  the  posterior  part  of  the  back  ;  the  soft  portion  and 
the  anal  fin  scaly,  the  latter  with  three  spines.  Villiform  teeth 
in  the  jaws,  on  the  vomer  and  palatine  bones.  Scales  of  moder- 
ate size,  cycloid. 

Two  species  are  known  from  the  East  Indies,  one  (T. 
jacttlaior),  which  is  the  more  common,  ranging  to  the  north 
coast  of  Australia.  It  has  received  ita  name  from  its  habit  of 
throwing  a  drop  of  water  at  an  insect  which  it  perceives  close 


Fig.  172.— -Toiotes  jacolator. 

to  the  surface,  io  order  to  make  it  fall  into  it.  The  Malays, 
who  call  it  "  Ikan  sumpit,"  keep  it  in  a  bowl,  in  order  to 
witness  this  singular  habit,  wliich  it  continues  even  in 
captivity. 

Third  Family — Mdllid-e. 
Body  raiker  low  and  slightly  compressed,  covered  with  large 
thin  scales,  without  or  wUh  an  extremely  fine  serrature.  Two 
long  erectile  barbels  are  suspended  Jrom  Ike  liymd,  and  are  re- 
ceived between  the  rami  of  the  lower  Jaw  atid  operdes.  Lateral 
line  conlinvffus.     Mouth  in  front  of  the  snout,  with  the  deft 
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lateral  and  rather  short ;  teeth  very  feMe,  Eye  lateral,  of 
moderate  size.  Two  short  dorsal  fins  remote  from  each  otfier, 
the  first  with  feeble  spines;  anal  similar  to  the  second  dorsal. 
Ventrals  vrith  one  spine  and  five  rays.  Pectorals  short.  Bran- 
(hiostegals  four  ;  stom^a^ch  siphonaJ. 

The  "  Red  Mullets  "  form  a  very  natural  family,  which,  on 
account  of  slight  modifications  of  the  dentition,  has  been 
divided  into  several  sub-genera — Upeneoides,  Upeneichthys, 
MvUvs,  MvUoides,  and  Upeneus.  They  are  marine  fishes,  but 
many  species  enter  brackish  water  to  feed  on  the  animalcules 
abounding  in  the  flora  of  brackwater.  About  forty  different 
species  are  known  chiefly  from  tropical  seas,  the  European 
species  {if.  barbatm,  see  p.  43,  Fig.  7),  extending  far  north- 
wards into  the  temperate  zone.  None  attain  to  a  large  size, 
specimens  of  from  two  to  three  lbs.  being  not  common,  but 
all  are  highly  esteemed  as  food. 

The  most  celebrated  is  the  European  species  (of  which 

there  is  one  only,  M.  surmidetits  being  probably  the  female). 

The  ancient  Romans  called  it  Mulltis,  the  Greeks  rptyXtf. 

The  Romans  priced  it  above  any  other  fish ;  they  sought  for 

large  specimens  far  and  wide,  and  paid  ruinous  prices  for 

them. 

"  Mullus  tibi  quatuor  emptus 
Librarum,  coenas  pompa  caputque  fuit, 
Exclamare  hbet,  non  e«t  hie  improbe,  non  est 
Piscis :  homo  est ;  hominem,  Calliodore,  voras." 

Martial,  x.  31. 

Then,  as  nowadays,  it  was  considered  essential  for  the 
enjoyment  of  this  delicacy  that  the  fish  should  exhibit  the 
red  colour  of  its  integuments.  The  Romans  brought  it,  for 
that  purpose,  living  into  the  banqueting  room,  and  allowed  it 
to  die  in  the  hands  of  the  guests,  the  red  colour  appearing  in 
all  its  brilliancy  during  the  death  struggle  of  the  fish.  The 
fishermen  of  our  times  attain  the  same  object  by  scaling  the 
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fish  immediately  after  its  capture,  thus  causing  a  permanent 
contraction  of  the  chromatophors  containing  the  red  pigment 
(see  p.  183). 

Fourth  Family — Stabjdm. 

Body  compressed,  oblong,  covered  vnth  scales,  the  serrcUure  of 
which  is  very  minute,  and  sometime  altogether  absent.  MotUh 
in  fronl  of  the  snotU,  vnth  the  cleft  lateral.  Eye  lateral,  of 
moderate  size.  Either  cutting  teeth  in  front  of  the  jaws,  or 
molar  teeth  on  the  side;  palate  generally  toothless.  One  dorsal 
Jin,  formed  by  a  spinous  and  soft  portion  of  nearly  equal 
development.  Anal  Jin  with  three  spines.  The  lower  rays  of 
the  pectoral  Jin  are  generally  branched,  btU  in  one  genvs  simple. 
Ventrals  thoracic,  with  one  spine  and  Jive  rays. 

The  "  Sea-breams  "  are  recognised  chiefly  by  their  denti- 
tion, which  is  more  specialised  than  in  the  preceding  families, 
and  by  which  the  groups,  into  which  this  family  has  been 
divided,  are  characterised.  They  are  inhabitants  of  the  shores 
of  all  the  tropical  and  temperate  seas.  Their  coloration  is 
very  plain.  They  do  not  attain  to  a  large  size,  but  the 
majority  are  used  as  food. 

The  extinct  forms  found  hitherto  are  rather  numerous; 
the  oldest  come  from  the  cretaceous  formation  of  Moimt 
Lebanon ;  some  belong  to  living  genera,  as  Sargics,  Pagellus  ; 
of  others  from  Eocene  and  Miocene  formations  no  living 
representative  is  known — SjHimodus,  Sargodon,  Capitodvs, 
Soricidens,  Asima. 

First  Oraup — Cantharina. — More  or  less  broad  cutting, 
sometimes  lobate,  teeth  in  front  of  the  jaws;  no  mol8u:s  or 
vomerine  teeth;  the  lower  pectoral  rays  are  branched.  Partly 
herbivorous,  partly  carnivorous.  The  genera  belonging  to 
this  group  are: — Cantharits  from  the  Europejui  and  South 
African  coasts,  of  which  one  species  (C.  liTieatm),  is  common 
on  the  coasts  of  Great  Britain,  and  locally  known  by  the 
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names  "  Old  Wife,"  "  Black  Sea-bream ;"  Box,  Scaikarua,  and 
Oblata  from  the  Mediterranean  and  neighbounng  parts  of  the 
Atlantic ;  Crenidens  and  Tripterodon  from  the  Indian  Ocean ; 
Packymetopon,  Dipterodon,  and  Gymnocrotaphus  from  the  Cape 


Fig.  1 73. — Taphneopa  TidianUanii,  from  King  George's  Sound, 
of  Good  Hope ;  Girdla  and  Tephra(^  from  Chinese,  Japanese, 
and  AustraliaQ  Seas ;  Doydixodon  from  the  Galapagos  Islands 
and  the  coasta  of  Peru. 

Second  Group — Haplodactylina. — In  both  jaws  flat  and 
generally  tricuspid  teeth ;  no  molars ;  vomerine  teeth,  The 
lower  pectoral  rays  simple,  not  branched.  Vegetable  feeders. 
Only  one  genus  is  known,  Haplodadylus,  from  the  temperate 
zone  of  the  Southern  Pacific. 

Third  Group — Sargina. — Jaws  with  a  single  series  of 
incisors  in  front,  and  with  several  series  of  rounded  molars  on 
the  side.  One  genus  is  known,  Sargus,  which  comprises 
twenty  species ;  several  of  them  occur  in  the  Mediterranean 
and  the  neighbouring  parts  of  the  Atlantic,  and  are  popularly 
called  "  Sargo,"  "  Sar,"  "  Saragu  : "  names  derived  from  the 
word  Saigus,  by  which  name  these  fishes  were  well  known 
to  the  ancient  Greeks  and  Romans.  One  of  the  lai^est  species 
is  the  "Sheep's-head"  (Sargtts  ovis),  from  the  coasts  of  the 
United  States,  which  attains  to  a  weight  of  15  lbs.,  and  is 
highly  esteemed  on  account  of  the  excellency  of  its  flesh. 
Singularly  enough,  this  genus  occurs  also  on  the  east  coast  of 
Africa,  one  of  these  East-African  species  being  identical  with 
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f.  Tuxt  from  the  Mediterranean.    These  fishes  evidently  feed 


v,X\\\V\( 


Fig.  174. — The  Sheep>-h™d,  Sarffiu  oms,  of  North  Americ*. 

on  hard-shelled  animals,  which  they  crush  with  their  molar 
teeth. 

Fourth  Group — Pagriiui. — Jaws  with  conical  teeth  in 
front  and  molar  teeth  on  the  sides.  Feeding,  as  the  preced- 
ing, on  hard-shelled  animals,  like  Mollusks  and  Crustaceans. 
This  group  is  composed  of  several  genera  — 

Lethbincr. — Cheeks  BCaleless.     Body  oblong   covered  wjth 
scales  of  moderate  size  (L.  lat  46-50) 
Canine  teeth  in  front;    lateral  teeth   jrs^  '-u 

in  a  single  series,  broadly  conical  or  G^^^*^  ^ 

molar-like.       Formula    of    the    fina  " 

D.  V,  A.  |. 

More  than  twenty  species  are 
known,  all  of  which,  with  one  excep 
tion,  occur  in  the  tropical  Indo 
Pacific,  The  species,  forming  this 
exception,  occurs,  singularly  enough,  ^  n5.-3crie  .JLrthttou,. 
on  the  west  coast  of  Africa,  where  more  than  one  Indian  genus 
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reappears  in  isolated  representative  species.    Some  Lethrini 
attain  to  a  length  of  three  feet. 

Sphcerodon  is  closely  allied  to  Zethrintis,  but  has  scales  on 
the  cheek.     One  species  from  the  Indo-Pacific. 

Paorus. — Body  oblong,  compressed,  with  scales  of  moderate 
size.  Several  pairs  of  strong  canine-like  teeth  in  both  jaws; 
molars  arranged  in  two  series.  Cheeks  scaly.  The  spines  of  the 
dorsal  fin,  eleven  or  twelve  in  number,  are  sometimes  elongate, 
and  can  be  received  in  a  groove ;  anal  spines  three. 

Thirteen  species  are  known,  chiefly  distributed  in  the 
warmer  parts  of  the  temperate  zones,  and  more  scantily  repre- 
sented between  the  tropics.  Several  species  (P.  vulgaris, 
P.  aiiriga,  P.  hocagii)  occur  in  the  Mediterranean  and  the 
neighbouring  parts  of  the  Atlantic ;  one  (P.  argyrops)  is  well 
known  on  the  coasts  of  the  United  States  under  the  names  of 
"  Scup,"  "  Porgy,"  or  "Mishcup,"  and  one  of  the  most  important 
food  fishes,  growing  to  a  length  of  18  inches  and  a  weight  of  4 
lbs.;  another  (P.  unicolor)  is  one  of  the  best-known  sea-fishes 
of  Southern  Australia  and  New  Zealand,  where  it  is  called 
"  Snapper ; "  it  is  considered  very  good  eating,  like  all  the 
other  species  of  this  genus,  and  attains,  like  some  of  them,  a 
length  of  more  than  3  feet  and  a  weight  exceeding  20  lbs. 

Pagellus. — Body  oblong,  compressed,  with  scales  of  moderate 
size.  Jaws  without  canines;  molars  on  the  sides  arranged  in 
several  series.  Cheeks  scaly.  The  spines  of  the  dorsal  fin, 
from  eleven  to  thirteen  in  number,  can  be  received  in  a  groove ; 
anal  spines  three. 

Seven  species  are  known,  the  majority  of  which  are  Euro- 
pean, as  P.  erythrimis,  common  in  the  Mediterranean,  and  not 
rare  on  the  south  coast  of  England,  where  it  is  generally 
termed  " Becker;"  P.  centrodontus,  the  common  "Sea-bream" 
of  the  English  coasts,  distinguished  by  a  black  spot  on  the 
origin  of  the  lateral  line;  in  the  young,  which  are  called 
"  Chad  "  by  Cornish  and  Devon  fishermen,  this  spot  is  absent ; 


SEA-BREAMS.  409 

P,  ow&fiiiy  the  "Axillary  or  Spanish  Sea-Bream,"  likewise 
from  the  British  coasts.  Pagellvs  lithognathus,  from  the  coasts 
of  the  Cape  of  Good  Hope,  attains  to  a  length  of  four  feet, 
and  is  one  of  the  fishes  which  are  dried  for  export  and  sale 
to  whalers. 

Chrysophrts. — Body  oblong,  compressed,  with  scales  of 
moderate  size.  Jaws  with  four  or  six  canine  teeth  in  front,  and 
with  three  or  more  series  of  rounded  molars  on  each  side.  Cheeks 
scaly.  The  spines  of  the  dorsal  fin,  eleven  or  twelve  in  number, 
can  be  received  in  a  groove ;  anal  spines  three. 

Some  twenty  species  are  known  from  tropical  seas  and 
the  warmer  parts  of  the  temperate  zones.  Generally  known 
is  Ch,  aurata,  ifrom  the  Mediterranean,  occasionally  found  on 
the  south  coast  of  England,  where  it  is  named  "  GUthead." 
The  French  call  it "  Daurade,"  no  doubt  from  the  Latin  Aurata, 
a  term  applied  to  it  by  ancient  authors.  The  Greeks  named 
it  Chrysophrys  (i.e.  golden  eyebrow),  in  allusion  to  the  bril- 
liant spot  of  gold  which  it  bears  between  its  eyes.  According 
to  Columella,  the  Aurata  was  among  the  number  of  the  fishes 
brought  up  by  the  Romans  in  their  vivaria ;  and  the  inventor 
of  those  vivaria,  one  Sergius  Grata,  is  supposed  to  have  derived 
his  surname  from  this  fish.  It  is  said  to  grow  extremely  fat 
in  artificial  ponds.  Duhamel  states  that  it  stirs  up  the  sand 
with  the  tail,  so  as  to  discover  the  shell-fish  concealed  in  it. 
It  is  extremely  fond  of  mussels,  and  its  near  presence  is 
sometimes  ascertained  by  the  noise  which  it  makes  while 
breaking  their  shells  with  its  teeth.  Several  species  found  on 
the  Cape  of  Good  Hope  attain  to  as  large  a  size  as  Pagellvs 
liihoffnathtcs,  and  are  preserved  for  sale  like  that  species. 
Chrysophrys  hasta  is  one  of  the  most  common  species  of  the 
East  Indian  and  Chinese  coasts,  and  enters  large  rivers. 

Fifth  Group — Pimelepterina, — In  both  jaws  a  single 
anterior  series  of  cutting  teeth,  implanted  by  a  horizontal 
posterior  process,  behind  which  is  a  band  of  villiform  teetL 
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Villifonn  teeth  on  the  vomer,  palatines  and  the  tongua 

Vertical  fins  densely  covered  with  minute  scales.     Only  one 

genus  is  known,  Pimeleptenis,  with  six  species  from  tropical 

"^  seas.    These  fishes  are  sometimes 

n/^^i^^^^  found  at  a  great  distance   from 

■    ^^      the  land. 

— HOPLOGNATHID^ 
Body  compressed  and  devoted, 
covered  with  very  small  ctenoid 
scales.  Lateral  line  continuous, 
TJie  bones  of  the  jaws  have  a  sharp 
dentigerons  edge,  as  in  Scartis. 
Fig,  17fl.-Te*th  ot  Hopiogiuithiu.  fhe  (e^th,  if  at  all  conspicuous, 
heing  continuous  with  the  hone,  forming  a  more  or  less 
indistinct  serralure;  no  teeth  on  the  palate.  The  spinous 
portion  of  the  dorsal  fin  is  rather  more  developed  than  the  soft ; 
the  spines  strong ;  anal  with  three  spines,  similar  to  the  sqfi 
dorsal.     VerUrals  thoracic,  toith  ons  sjnne  and  Jive  soft  rays. 

One  genua  only  is  known,  Hoplognathixs,  with  four  species 
Irom  Australian,  Japanese,  and  Fenivian  coasts. 

Sixth  Family — Cibbhitid^ 
Body  oNonff,  compressed,  covered  inith  cycloid  scales  ;  lateral 
line  continuous.  Mout,h  in  front  of  the  snout,  with  lateral 
deft.  Eye  lateral,  of  moderate  size.  Cheeks  without  a  bony  stay 
for  the  prcEoperculum.  Generally  six,  sometimes  five  or  three 
branehiostegals.  Dentition  mare  or  less  complete,  composed  of 
small  poinied  teeth,  sometimes  tviih  the  addition  of  canines. 
One  dorsal  fin,  formed  by  a  spinous  and  soft  portion,  of  nearly 
eqval  development.  Anal  with  three  spinas,  generally  less 
developed  than  the  soft  dorsal.  The  Imcer  rays  of  the  pectoral 
Una  simple  and  generally  enlarged ;  ventrals  thoracic,  but  reiTwle 
from  the  root  of  the  pectorals,  with  one  spint;  and  five  rays. 
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The  fishes  of  this  family  may  be  readily  recognised  by 
their  thickened,  undivided  lower  pectoral  raya,  which  in  some 
are  evidently  auxiliary  organs  of  locomotion,  in  others, 
probably,  organs  of  touch.  They  differ  from  the  following 
family,  the  ScorpsBnidse,  in  lacking  the  bony  connection 
between  the  infraorbital  ring  and  the  prseoperculum.  Two 
groups  may  be  distinguished  in  this  family,  which,  however, 
are  connected  by  an  intermediate  genus  (CAtrtmemMs).  The 
first,  distinguished  by  the  presence  of  vomerine  teeth,  consiate 
of  Cirrhiles  and  Chori-nemus,  small  prettily  coloured  fishes. 
The  former  genus  is  peculiar  to  the  Indo-Facific,  and  con- 
sists of  sixteen  species;  the  second,  with  three  species, 
seems  to  be  confined  to  the  coasts  of  Australia  and  New 
Zealand,  The  second  group  lacks  the  vomerine  teeth,  and 
comprises  the  following  genera : — 

Chilodacttlub. — One  dorsal  fin,  with  from  sixteen  to  nineteen 
spines  ;  anal  fin  of  moderate  length  ;  caudal  forked.  One  of  the 
simple  pectoral  rays  more  or  leea  prolonged,  and  projecting  be- 
yond the  margin  of  the  fin.  Teeth  in  villifonn  bands ;  no  canines. 
Pnecperculum  not  serrated.  Scales  of  moderate  size.  Air- 
bladder  irith  many  lobes. 


^'\ 


Fig.  \7t.~~ChilodaiityUamacropUrus,  from  Aaatralia, 
Seventeen  species  are   known,  chiefly  from  the  temperate 
parts  of  the  Southern  Pacific,  and  also  from  the  coasts  of 
■Japan  and  China.    They  belong  to  the  most  valuable  food- 
fishes,   as  they  grow  to   a   considerable   size  (from  five  to 
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twenty -five  Ibe.),  and  are  easilj  cangbt  in  nnmbers.  At 
the  Cape  of  Good  Hope  they  are  very  abundant,  and  pre- 
seired  in  laige  quantities  for  export. 

Mendosoma  from  the  coast  of  Chili,  and  Nemadadylui 
from  Tasmania,  are  allied  genera. 

Latbib. — Dorsal  fin  deeply  notched ;  the  spinons  portion  with 
Berenteen  sfnnes ;  anal  fin  many-rayed.  None  of  the  simple 
pectoral  rays  passes  the  margin  of  the  fin.  Teeth  Tilliform  ;  no 
canines.     Prsopenmliun  tninntely  serrated.     Scales  smalL 

Two  Bpecies  only  are  known  bom  Tasmania  and  Kew 
Zealand,  which  belong  to  the  most  important  food-fishes  of 
the  Southern  Hemisphere.  Latrw  fucaieia  or  the  "Trumpeter," 
ranges  from  sixty  to  thirty  lbs.  in  weight,  and  a  con- 
sidered by  the  colonists  the  best  flavoured  of  any  of  the  fishes 
of  South  Australia,  Tasmania,  and  New  Zealand,  and  con- 
sumed smoked  as  well  as  fresh.  The  second  species,  Latris 
eUiaris,  is  smaller,  scarcely  attaining  a  weight  of  twenty 
lbs.,  but  more  abundant;  it  is  confined  to  the  coast  of 
New  Zealand. 

Seventh  Family — Scokp/ENID  j:. 
Body  oblong,  more  or  less  compressed,  covered  with  ordinary 
sades,  or  naked.     Cleft  of  the  vwuth  lateral  or  subvertical. 
Dentition  /eeWe,  con- 
sisting   of    villifom 
teeth;    and  generally 
u-ithout  canines.  Some 
hones    of    the    head 
armed,   especially  the 
angle  of  the  prccoper- 
J  mihim,    its   armature 
7\e.  178.-8knll  of  Scarpa^  percoida, ;  so.  Sab-  receiving      additional 
orbitd  ring  ;  pr,  Pwopercnium  ;  il.  Bony  stsy,  support  by  a  bony  Stay, 
connecting  the  anborbitol  witli  tb«  pneoperculnm.  .         .  ,      , 

connecting  tt  with  the 

infraorbital  ring.    The  spinous  portion  qf  the  dorsal  fin  egvaily 
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or  more  developed  than  the  soft  and  than  the  an/xl.  VentrcUs 
thoracic,  generally  tvith  one  spine  and  five  soft  rays,  sometimes 
rudimentary. 

This  family  consists  of  carnivorous  marine  fishes  only ; 
some  resemble  the  Sea-Perches  in  form  and  habits,  as 
Sehastes,  Scorpama,  etc.,  whilst  others  live  at  the  bottom 
of  the  sea,  and  possess  in  various  degrees  of  development 
those  skinny  appendages  resembling  the  fronds  of  seaweeds, 
by  which  they  either  attract  other  fishes,  or  by  which  they 
are  enabled  more  effectually  to  hide  themselves.  Species 
provided  with  those  appendages  have  generally  a  coloration 
resembling  that  of  their  surroundings,  and  varying  with  the 
change  of  locality.  The  habit  of  living  on  the  bottom  has 
also  developed  in  many  Scorpsenoids  separate  pectoral  rays,  by 
means  of  which  they  move  or  feeL  Some  of  the  genera  live 
at  a  considerable  depth,  but  apparently  not  beyond  300 
fathoms.  Nearly  all  are  distinguished  by  a  powerful  armature 
either  of  the  head,  or  fin  spines,  or  both ;  and  in  some  the 
spines  have  been  developed  into  poison  organs. 

The  only  fossil  representative  known  at  present  is  a 
species  of  Scorpasna  from  the  Eocene  of  Oran. 

Sebastes. — Head  and  body  compressed ;  crown  of  the  head 
scaly  to,  or  even  beyond,  the  orbits ;  no  transverse  groove  on 
the  occiput.  Body  covered  with  scales  of  moderate  or  small  size, 
and  without  skinny  tentacles.  Fin-rays  not  elongate ;  one  dorsal, 
divided  by  a  notch  into  a  spinous  and  soft  portion,  with  twelve 
or  thirteen  spines ;  the  anal  with  three.  No  pectoral  appendages. 
Villiform  teeth  in  the  jaws,  on  the  vomer,  and  generally  on  the 
palatine  bones.     Vertebrae  more  than  twenty-four. 

About  twenty  species  are  known,  principally  from  seas  of 

the  temperate  zones,  as  from  the  coasts  of  Northern  Europe 

{S.  norvegicics,  S,  viviparus),  of  Japan,  California,  New  Zealand, 

and  Van  Diemen's  Land.    All  seem  to  prefer  deep  water  to 

the  surface,  and  Sebastes  macrochir  has  been  obtained  at  a 
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depth  of  345  fathoms.  In  their  general  form  they  resemble 
the  Sea-Perches,  attain  to  a  weight  of  from  one  to  four  lbs., 
and  are  geneiaUy  esteemed  as  food. 

ScoBPiKKA. — Head  large,  slightly  compressed,  genendly  irith  a 
transverse  naked  depression  on  the  occiput ;  bones  of  the  head 
armed  with  spines,  and  generally  vifii  skinny  tentacles.  Scales 
of  moderate  size.  Mouth  large,  oblique.  Villiform  teeth  in  the 
jaws,  and  at  least  on  the  vomer.  One  dorsal,  '-'"',  A,  "/,, 
Pectoral  fins  without  detached  rays.  Urge,  round^,  with  the 
lower  rays  simple  and  thickened.  Air-bladder  none.  Vertebne 
twenty-four. 


Hg.  17B. — Head  of  Scorpxaa  pcrcoiJes,  from  Ken'  Zt^aud. 

About  forty  species  are  knovm  from  tropical  and  sub- 
tropical seas.  They  lead  a  sedentary  life,  Ijing  liidden  in  the 
sand,  or  between  rocks  covered  with  seaweed,  watching  for 
their  prey,  which  chiefly  consists  of  small  fishes.    Their 


Fig.  130. — ScorpsoB  bfna«iuts,  from  tbe  coasts  of  Auatnlia. 

strong  undivided  pectoral  rays  aid  them  in  burrowing  in  the 
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sand,  and  in  moving  along  the  bottom.  The  type  of  their 
coloration  is  very  much  the  same  in  all  the  species,  viz.  an 
irregular  mottling  of  red,  yellow,  brown,  and  black  colours, 
but  the  distribution  of  these  colours  varies  exceedingly,  not 
only  in  the  same  species  but  also  in  the  same  individuals. 
They  do  not  attain  to  any  considerable  size,  probably  never 
exceeding  a  length  of  18  inches.  Their  flesh  is  well  flavoured. 
Woimds  inflicted  by  their  fin-spines  are  exceedingly  painful, 
but  not  followed  by  serious  consequences. 

Glyptaiichen  and  LioscoiyixLs  are  genera  closely  allied  to 
Scorpocnay  from  Australian  seas. 

Setarches  is  also  allied  to  the  preceding  genera,  and  pro- 
vided with  very  large  eyes,  in  accordance  with  the  depth 
(215-  fathoms)  which  the  two  species  known  at  present 
inhabit;  one  has  been  found  near  Madeira,  the  other  near 
the  Fidji  Islands. 

Pterois. — Head  and  body  compressed;  scales  of  small  or 
moderate  size.  Bones  of  the  head  armed  with  numerous  spinous 
projections,  between  which  often  skinny  tentacles  are  developed. 
The  dorsal  spines  and  pectoral  rays  are  more  or  less  prolonged, 
passing  beyond  the  margin  of  the  connecting  membrane.  Twelve 
or  thirteen  dorsal  spines.  Villiform  teeth  in  the  jaws  and  on 
the  vomer. 

Nine  species  are  known  from  the  tropical  Indo-Pacific. 
They  belong  to  the  most  singularly  formed  and  most  beauti- 
fully coloured  fishes  of  the  Tropics,  and  formerly  were 
believed  to  be  able  to  fly,  like  Dactylopterus.  But  the 
membrane  connecting  their  pectoral  rays  is  much  too  short 
and  feeble  to  enable  them  to  raise  themselves  from  the 
surface  of  the  water. 

Apistus. — Head  and  body  compressed,  covered  with  ctenoid 
scales  of  rather  small  size.  Some  bones  of  the  head,  and 
especially  the  prseorbital,  are  armed  with  spines.  One  dorsal 
with  fifteen  spines ;  the  anal  with  three.  The  pectoral  fin  is 
elongate,  and   one   ray  is   completely  detached  from  the  fin. 
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Yilliform  teeth  in  the  jaws,  on  the  vomer,  and  palatine  bones. 
Air-bladder  present.     A  cleft  behind  the  fourth  gill. 

Two  species  from  the  Indian  Ocean.  These  fishes  are 
very  small,  but  of  interest  on  account  of  the  prolongation  of 
their  pectoral  fins,  which  indicates  that  they  can  take  long 
flying  leaps  out  of  the  water.  However,  this  requires  confir- 
mation by  actual  observation. 

AoRioPUS. — Head  and  body  compressed,  scaleless ;  head  with- 
out any,  or  with  very  feeble,  armature.  Cleft  of  the  mouth 
small,  at  the  end  of  the  produced  snout.  One  dorsal  fin,  which 
commences  from  the  head,  the  spinous  portion  being  formed 
by  from  seventeen  to  twenty-one  strong  spines;  anal  short 
Villiform  teeth  in  the  jaws,  generally  none  on  the  vomer. 

Seven  species.     This  singular  genus  is  peculiar  to  the 

temperate  parts  of  the  South  Pacific,  occurring  at  the  Cape, 

on  the  coast  of  South  Australia,  and  Chili.     The  largest 

species  {A.  torvus)  attains  a  length  of  two  and  a  half  feet. 

Nothing  is  known  of  its  mode  of  life. 

Synanceja. — General  appearance  of  the  fish,  especially  of  the 
head,  monstrous.  Scales  none ;  skin  with  numerous  soft  warty 
protuberances  or  filaments.  Mouth  directed  upwards,  wide. 
Eyes  small  From  thirteen  to  sixteen  dorsal  spines ;  pectoral 
fins  very  large.  Villiform  teeth  in  the  jaws,  and  sometimes  on 
the  vomer. 

Four  species  are  known  from  the  Indo-Pacific,  of  which 

S.  horrida  and  S.  verrucosa  are  the  most  generally  distributed, 

and,  imfortunately,  the  most  common.    They  are  justly  feared 

on  account  of  the  great  danger  accompanying  wounds  which 

they  inflict  with  their  poisoned  dorsal  spines,  as  has  been 

already  noticed  above,  p.  191.    The  greatest  length  to  which 

they  attain  does  not  seem  to  exceed  eighteen  inches.     They 

are  very  voracious  fishes,  and  their  stomach  is  of  so  great  a 

capacity  that  they  are  able  to  swallow  fishes  one-third  of 

their  own  bulk. 

MiOROPUs. — Head  and  body  strongly  compressed,  short,  and 
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deep  ;  no  scales,  but  the  skin  is  covered  with  minute  tubercles. 
Snout  very  short,  with  nearly  vertical  anterior  profile.  Pr»- 
orbital,  pne-  and  inter-operculum  with  spines  on  the  edge. 
Dorsal  fin  with  seven  or  eight,  anal  with  two  spines.  Pectorals 
short,  ventrals  rudimentary.     Jaws  with  villiform  teeth. 

These  fishes  belong  to  the  smallest  of  AcantLopt«rygians, 
scarcely  exceeding  1^  inches  in  length.  Two  species  are 
known,  which  are  rather  common  on  the  coral  reefs  of  the 
Pacific. 

GHOBisuonAOTiTLDs. — Head  and  body  rather  compressed,  scale- 
lesa,  with  skinny  flaps.  Bones  of  the  head  with  prominent 
ridges ;  the  pneorbital,  pneopercalum,  and  operculum  armed ; 


Tig.  ISI. — ChorismoiUctyliu  multibarbis, 

a  depression  on  the  occiput.  One  dorsal  fin,  with  thirteen 
spines ;  the  anal  with  two.  Three  free  pectoral  appendages. 
Yentral  fins  with  one  spine  and  five  rays,  Villiform  teeth  in 
the  jaws  only. 

Only  one  small  species,  Ch.  mtdtibarbis,  is  known,  from 
the  coasts  of  India  and  China. 

To  complete  the  list  of  Scorpienoid  genera,  we  have  to 
mention  Tccnwnotm,  Centropogon,  PetUaroge,  Tetmroge,  Pro- 
sopodasys,  Aploactia,  TrUJiopleuTa,  ffemitriptenis,  Minous 
and  Pelor. 
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Eighth  Family — ^Xaxdid-e. 

Body  oblong,  compressed,  covered  with  scales.  Lateral  line 
interrupted.  Dorsal  fin  formed  by  a  spinous  and  soft  portion, 
the  number  of  spines  and  rays  being  nearly  equal ;  anal  fin  with 
three  spines^  and  loith  the  soft  portion  similar  to  the  soft  dorsal. 
Ventral  fins  thoracic,  icith  one  spine,  and  five  or  four  rays. 
Dentition  more  or  less  complete,  but  feeble. 

This  small  fjamily  consists  of  two  very  distinct  groups. 

A.  Plesiopina.  Marine  fishes  of  small  size,  with  pseudo- 
branchise  and  only  four  ventral  rays.  Plesiops  from  the  coral- 
reefs  of  the  Indo-Pacific,  and  Trachinops  from  the  coast  of 
New  South  Wales,  belong  to  this  group. 

B.  Nandina.  Freshwater  fishes  of  small  size  from  the 
East  Indies,  without  pseudobranchiae,  and  five  ventral  rays. 
The  genera  are  Badis,  Nandvs,  and  Catopra. 

Ninth  Family — Polycentrid-e. 

Body  compressed,  deep,  scaly.  Lateral  line  none.  Dorsal 
and  anal  fins  long,  both  with  nttmerous  spines,  the  spinous 
portion  being  the  more  developed.  Ventrals  thoracic,  unth  one 
spine  and  five  soft  rays.  Teeth  feeble.  Pseudobranchiee 
hidden. 

Only  two  genera,  each  represented  by  one  or  two  species 
in  the  Atlantic  rivers  of  Ti-opical  America,  Polycentrus  and 
Monocirrhus,  belong  to  this  family.  They  are  small  insecti- 
vorous fishes. 

Tenth  Family — Teuthidid.e. 

Body  oblong,  strongly  compressed,  covered  ivith  very  s^naU 
scales.  Lateral  line  continuous.  Eye  lateral,  of  moderate  size. 
A  single  series  of  cutting  incisors  in  ea^'h  jaio ;  palate  tooth- 
less.    One  dorsal  fin,  the  spinous  portion  being  tlie  more  deve- 
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l&ped  ;  anal  with  seven  spines.      VerUral  fins  thoracic,  with  an 
outer  and  an  inner  spine,  and  with  three  soft  rays  between. 

This  family  consists  of  one  very  natural  genus,  Teuthis, 
readily  recognised  by  the  singular  structure  of  the  fins.  In 
all  the  species  the  fin-formula  is  D.  ^.  A.  ^.  The  inci- 
sors are  smaU,  narrow,  and  provided  with  a  serrated  edge. 
The  air-bladder  is  large,  and  forked  anteriorly  as  well  as 
posteriorly.  Their  skeleton  shows  several  peculiarities :  the 
number  of  vertebrae  is  twenty-three,  ten  of  which  belong  to 


Fig.  182. — ^Teuthis  nebulosa,  Indian  Ocean. 

the  abdominal  portion.  The  abdominal  cavity  is  surrounded 
by  a  complete  ring  of  bones,  the  second  piece  of  the  coracoid 
being  exceedingly  long,  and  extending  along  the  whole  length 
of  the  abdomen,  where  it  is  joined  to  a  spinous  process  of  the 
first  interhsemaL  The  pubic  bones  are  slender,  long,  firmly 
attached  to  each  other,  without  leaving  a  free  space  between 
them.  They  are  fastened  by  a  long  process  which  passes  the 
sjonphysis  of  the  radii,  and  extends  on  to  that  of  the  humeri. 
Tliirty  species  are  known,  all  from  the  Indo-Pacific ;  but 
they  do  not  extend  eastwards  beyond  140®  long.,  or  to  the 
Sandwich  Islands.  They  ar^  herbivorous,  and  do  not  exceed 
a  length  of  fifteen  inches. 

Second  Division — Acanthopterygii  Beryciformes. 
Body  cmnpressed,   ohlong,  or   elevated;    head  vnth  large 
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mudferous  cavities  which  are  covered  vnth  a  thin  skin.  Ven- 
tral jins  thoracic,  with  one  spine  and  more  than  five  soft  rays 
{in  Monocentris  with  two  only). 

One  family  only  belongs  to  this  division. 

Family — Berycid.e. 

Body  short,  mth  ctenoid  scales,  which  are  rarely  ahsciU, 
Eyes  lateral,  large  {except  Melamphaes).  Cleft  of  the  mouth 
lateral,  oblique;  jaws  with  villifomi  teeth;  palate  generally 
toothed.  Opercular  hones  moi'e  or  less  armed.  Eight  {four) 
branchiostegals. 

This  family  oilers  several  points  of  biological  interest. 
All  its  members  are  strictly  marine ;  but  only  two  of  the 
genera  are  sui-face-forms  {Holocentrum  and  Myripristis).  All 
the  othei^s  descend  considerably  below  the  surface,  and  even 
some  of  the  species  of  MyHpristis  habitually  inhabit  depths 
of  from  50  to  100  fathoms.  Polymixia  and  Beryx  have  been 
found  in  345  fathoms.  Melamphaes  must  live  at  a  still  greater 
depth,  as  we  may  infer  from  the  small  size  of  its  eye ;  this 
fish  is  not  likely  to  come  nearer  to  the  surface  than  to  about 
200  fathoms.  The  other  genera  named  have  extremely  large 
eyes,  and,  therefore,  may  be  assumed  to  ascend  into  such 
superficial  strata  as  are  still  lit  up  by  a  certain  proportion 
of  sun-rays.  The  highly-developed  apparatus  for  the  secre- 
tion of  superficial  mucus,  with  which  these  fishes  are  pro\ided, 
is  another  sign  of  their  living  at  a  greater  depth  than  any  of 
the  preceding  families  of  Acanthopterygians.  In  accordance 
with  this  vertical  distribution,  Berycoid  fishes  have  a  wide 
horizontal  range,  and  several  species  occur  at  Madeira  as  well 
as  in  Japan. 

Fossil  Berycoids  show  a  still  greater  diversity  of  form 
than  living ;  they  belong  to  the  oldest  Teleosteous  fishes,  the 
majority  of  the  Acanthopterygians  found  in  the  chalk  being 
representatives  of  this  family.     Beryx  has  been  found  in 
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several  species,  with  other  genera  now  extinct :  Pseitdohcryx, 
with  abdominal  ventrals,  from  Mount  Lebanon ;  Berycopsis, 
with  cycloid  scales ;  Homonottta,  Slenostoma,  Sphenoctphalus, 
Acanus,  Hoplopieryx,  Platycomua,  with  granular  scales ; 
Podocys,  with  a  dorsal  fin  extending  to  the  neck ;  AcrogaMer, 
Macrolepis,  and  Ekacolepis,  from  the  chalk  of  Brazil.  Species 
of  HoloccntTiim  and  Myripi-iatis  occur  in  the  Monte  Bolca 
formation. 

HoNOCENTBis, — Snout  obtuse,  convex,  short ;  eye  of  moderate 
size.  Villifonn  teeth  on  the  palatine  bones,  but  none  on  the 
vomer.  Opercular  bones  without  armature.  Scales  very  large, 
bony,  forming  a  rigid  carapaca  Ventrals  reduced  to  a  single 
strong  spine  and  a  few  rudimentary  rays. 


Fig.  1S3.— MonocsDtria  japoniciu. 

One  species  only  is  known  {M.  japonicus)  from  the  seas  off 
Japan  and  Mauritius.  It  does  not  attain  to  any  size,  and  is 
not  common. 

HoPLOsTBTHtrs. — Snout  very  short  and  obtuse;  eye  large. 
Villiform  teeth  on  the  palatine  bones,  but  none  on  the  vomer. 
Operculum  unarmed,  a  strong  spine  at  the  scapulary  and  the 
angle  of  the  pneoperculam.  Scales  ctenoid,  of  moderate  size ; 
abdominal  edge  serrated.  One  dorsal,  with  six  spines;  ventrals 
with  six  soft  rays ;  caudal  deeply  forked. 

One   species  only  is  known  (ff.   medUejraneus),  which 


occurs  in  the  Mediterranean,  the  neighbouring  parts  of  the 
Atlantic,  and  in  the  sea  oif  Japan. 

TBACBicnTHTS. — Snout  very  short  and  obtuse,  with  promtDent 
chin ;  eye  large.  Villiform  teeth  on  the  palatine  bones  and  on 
the  vomer,  A  strong  spine  at  the  scapulary  and  at  the  angle  of 
the  pneoperculum.  Scales  rather  small ;  abdomen  serrated. 
One  dorsal,  with  from  three  to  six  spines ;  ventral  with  six  soft 
raye.     Caudal  forked. 

Four  species  are  known  from  New  Zealand  and  Madeira. 

A^wjilogaster  is  an  allied  genus  from  tropical  i>arts  of  the 
Atlantic ;  it  is  scaleless. 

Bertx. — Snout  short,  vrith  oblique  cleft  of  the  mouth  and 
prominent  chin;  eye  lai^.  Villiform  teeth  on  the  palatine 
bones  and  vomer.  Opercular  bones  serrated  ;  no  spine  at  the 
angle  of  the  prteoperculum.  Scales  ctenoid,  of  moderate  or  large 
size.  One  dorsal,  with  several  spines ;  ventrals  with  seven  or 
more  soft  rays.     Anal  with  four  spines  ;  caudal  forked. 

Five  species  are  known  from  Madeira,  the  tropical 
Atlantic,  and  the  seas  of  Japan  and  Australia.     The  species 


Tig.  184.— Berj-x  decadactylus. 
figured  b  B.  decadactylus,  common  at  Madeira,  and  occurring 
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near  Japan  at  a  depth  of  345  fathoms ;  it  attains  a  length 
of  IJ  feet. 

Melamphaes. — Head  large  and  thick,  with  very  thin  bones, 
nearly  all  the  superficial  bones  being  transformed  into  wide 
muciferous  channels.  Eye  small  Palate  toothless ;  no  barbels ; 
opercles  not  armed.  Scales  large,  cycloid.  One  dorsal,  with  six 
spines ;  anal  spines  very  feeble ;  caudal  forked.  Ventrals  with 
seven  rays. 

Two  species,  deep-sea  fishes  of  the  Atlantic;   they  are 

very  scarce,  as  only  three  or  four  specimens  have  been  found 

hitherto. 

PoLYMixiA. — Snout  short,  with  the  cleft  of  the  mouth  nearly 
horizontal ;  eye  large.  Two  barbels  at  the  throat.  Opercles 
without  armature.  Scales  of  moderate  size.  One  dorsal.  Anal 
with  tliree  or  four  spines ;  caudal  forked ;  ventrals  with  six  or 
seven  soft  rays. 

Three  species  are  known :  P,  nohilis  from  Madeira  and 

St.  Helena,  P.  lowei  from  Cuba,  and  P.  japwiica  from  Japan ; 

the  latter  species  from  a  depth  of  345  fathoms.    Average  size 

eighteen  inches. 

Myripristis. — Snout  short,  with  oblique  cleft  of  the  mouth 
and  prominent  chin ;  eye  large  or  very  large.  Villiform  teeth 
on  the  vomer  and  palatine  bones.  Opercular  bones  serrated ; 
pneoperculum  without  spine.  Scales  large,  ctenoid.  Two  dor- 
sals, the  first  with  ten  or  eleven  spines ;  anal  with  four  spines  ; 
caudal  forked ;  ventrals  with  seven  soft  rays.  Air-bladder 
divided  by  a  contraction  in  two  parts,  the  anterior  of  which  is 
connected  with  the  organ  of  hearing. 

Eighteen  species  from  the  tropical  seas  of  both  hemi- 
spheres, the  majority  living  near  the  coast  at  the  surface. 
The  coloration  is  (principally)  red  or  pink  on  the  back  and 
silvery  on  the  sides.  They  attain  a  length  of  about  15  inches, 
and  are  esteemed  as  food. 

HoLOCENTRUM. — Suout  somcwhat  projecting,  with  the  cleft  of 
the  mouth  nearly  horizontal ;  eye  large.     Villiform  teeth  on  the 
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vomer  and  palnline  bones.  Opercular  bones  and  pneorbital 
serrated ;  operculum  with  two  spines  behind ;  a  large  spine  at 
the  angle  of  the  preeoperculum.  Scales  ctenoid,  of  moderate 
size.  Two  dorsals,  the  first  with  twelve  sptnea ;  anal  with  four 
spines,  the  third  being  very  long  and  strong;  caudal  forked. 
Ventrals  with  seven  soft  rays. 

About  thirty  species  are  known  from  the  tropical  seas  of 
both  hemispheres ;  all  are  surface  fishes,  and  very  commoiL 
The  young  have  the  upper  part  of  the  snout  pointed  and 
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elongate,  and  were  described  as  a  distinct  geniis  {Rhynehich- 
thys).  The  coloration  of  the  adult  is  uniform ;  red,  pink,  and 
silvery  prevailing.  They  attain  to  a  length  of  about  15  inches, 
and  are  esteemed  as  food. 


Third  Division — Acanthopterygii  Kurtiformes. 

One  dorsal  fin  only,  much  shorter  than  the  anal,  which  is 
long  and  many-rayed.     No  superbranchial  organ. 
One  family  only  belongs  to  this  division. 


Family — Kurtid,e. 

Body  compressed,  oblong,  deep  in  front,  attenuated  behind. 
Snout  short.     The  spinas  of  th^  short  dorsal  are  few  in  number. 
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if  developed.    Scales  small  or  of  moderate  size,     VUliform  teeth 
in  the  jaws,  on  the  vomer y  and  palatine  hones. 

This  family  consists  of  a  small  number  of  species  only, 
wliich  form  two  distinct  genera,  Pempheris  and  Kurtus.  They 
are  shore  fishes  of  tropical  seas.  In  both  the  air-bladder 
shows  some  peculiarity  :  in  Pempheris  it  is  divided  into  an 
anterior  and  posterior  portion ;  in  Kurttis  it  is  lodged  within 
the  ribs,  which  are  dilated,  convex,  forming  rings.  The 
number  of  vertebne  is  respectively  twenty-four  and  twenty- 
three. 

Fourth  Division — Acanthopterygii  Polynemiformes. 

Two  rather  short  dorsal  fins,  somewhat  remote  from  ea^h 
other ;  free  filamenis  at  the  humeral  arch,  below  the  pectoral 
fins ;  m\iciferous  canals  of  the  head  well  developed. 

One  family  only  belongs  to  this  division. 

Family — PoLYNEMiDiE. 

Body  obloru/y  rather  compressed,  covered  with  smooth  or  very 
feebly  ciliated  scales.     Lateral  line  continuous.     Snout  project- 
ing beyond  the  mouth,  which  is  inferior,  toith  lateral  cleft.    Eye 
lateral,  large.     VUliform  teeth  in  the  jaws  and  on  the  palate. 
Ventrals  tlwracic,  with  one  spine  and  five  rays. 

Tlie  fishes  of  this  natural  family  have  been  divided,  on 
slight  differences,  into  three  genera — Polynemus,  Pentanemiis, 
and  Galcoides.  They  are  found  in  rather  numerous  species 
on  the  coasts  between  the  tropics,  and  the  majority  enter 
brackish  or  even  fresh  water.  Very  characteristic  are  the  free 
filaments  which  in  this  family  are  organs  of  touch ;  they  are 
inserted  on  the  humeral  arch  at  some  distance  from  the  pec- 
toral fin  ;  but,  nevertheless,  can  be  regarded  only  as  a  detached 
portion  of  that  fin ;  they  can  be  moved  quite  independently 
of  the  fin ;  their  number  varies  from  three  to  fourteen,  accord- 


ing  to  tlie  species ;  in  some  they  are  exceedingly  elongate, 
twice  as  long  as  the  fisli,  in  others  they  are  not  longer  or  even 


shorter  than  the  pectoraL  It  is  evident  from  the  whole 
organisation  of  these  fishes  that  they  live  on  muddy  bottom 
or  in  thick  water,  such  as  is  found  near  the  mouths  of  great 
rivers.  Tlieir  eyes  are  lai^e,  but  generally  obscnred  by  a 
filmy  skin,  so  that  those  feelers  must  l.)e  of  great  use  to  them 
in  finding  tlieir  way  and  their  foofl.  The  Polynemoids  are 
very  useful  to  man :  their  flesh  is  esteemed,  and  some  of 
the  species  are  provided  with  an  air-bladder  wliicli  jHelds  a 
good  sort  of  isinglass,  and  forms  an  article  of  trade  in  the 
East  Indies.  Some  of  these  fishes  attain  to  a  length  of  four 
feet, 

Finn  Division — AcAXTHoriERTGii  Scleniformes. 

The  soft  dorsal  is  more,  generally  much  more,  developed  than 
the  spinous,  and  than  tlte  anal.  A'o  peetoral  filaments ;  head 
with  the  mvci/ermis  cunals  well  developed. 

Also  this  division  is  composed  of  one  family  only. 

Family — Sci-ekid^. 
Body  rather  elongate,  ccnnpi'cssed,  covered  vnth  ctenoid  stales. 
Lateral  lineeontinuoits,and  frequently  extendiTtg  over  the  caudal 
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fin.  Mouth  in  front  of  the  snotU.  Eye  lateral^  of  moderate  size. 
Teeth  in  villifomi  hands,  sometimes  vnth  the  addition  of  canine ; 
no  molars  or  incisor-like  teeth  in  the  jaws;  palate  toothless. 
Pra:op€rculum  unai-med,  and  withmit  hony  stay.  Ventrah 
tJurraciCy  with  one  spine  and  five  soft  rays.  Boms  of  the  head 
ivith  unde  muciferous  channds.  Stomach  coecal.  Air-bladder 
frequently  unth  numero^is  appendages  (see  pp.  144  and  seq.) 

The  fishes  of  the  "  Meagre  "  family  are  chiefly  coast-fishes 
of  the  tropical  and  sub-tropical  Atlantic  and  Indian  Oceans, 
preferring  the  neighbourhood  of  the  mouths  of  large  rivers, 
into  which  they  freely  enter,  some  of  the  species  having 
become  so  completely  naturalised  in  fresh  water  that  they 
are  never  found  now-a-days  in  the  sea.  Some  of  the  larger 
species  wander  far  from  their  original  home,  and  are  not 
rarely  found  at  distant  localities  as  occasional  visitors.  In 
the  Pacific  and  on  the  coast  of  Australia,  where  but  a  few 
large  rivers  enter  the  ocean,  they  are  extremely  rare  and,  in 
the  Red  Sea,  they  are  absent.  Many  attain  a  large  size,  and 
almost  all  are  eaten. 

No  fossil  species  have  been  as  yet  discovered. 

PoGONiAS. — Snout  convex,  with  the  upper  jaw  overlapping 
the  lower.  Mandible  with  numerous  small  barbels.  No  canines. 
The  first  dorsal  with  ten  stout  spines.  Two  anal  spines,  the 
second  very  strong.     Scales  of  moderate  size. 

To  this  fish  (P.  chroinis)  more  especially  is  given  the 

name  of  "  Drum,**  from  the  extraordinary  sounds  which  are 

produced  by  it  and  other  allied  Scia^noids.     These  sounds  are 

better  expressed  by  the  word  drumming  than  by  any  other, 

and  are  frequently  noticed  by  persons  in  vessels  lying  at 

anchor  on  the  coasts  of  the  United  States,  where  those  fishes 

abound.     It  is  still  a  matter  of  uncertainty  by  what  means 

the  "  Drimi  "  produces  the  sounds.     Some  naturalists  believe 

that  it  is  caused  by  the  clapping  together  of  the  pharyngeal 

teeth,  which  are  very  large  molar  teeth.     However,  if  it  be 
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true  that  the  sounds  are  accompamed  hy  a  tremulous  motion 
of  the  vessel,  it  seems  more  pro- 
bable that  they  are  produced  by 
the  fishes  beating  their  tails 
against  the  l)ottom  of  the  vessel 
in  order  to  get  rid  of  the  para- 
skes  with  which  that  part  of 
their  body  is  infested.  The 
"  Drum  "  attains  to  a  length  of 
more  than  four  feet,  and  to  a 
weight  exceeding  a  hundred  lbs. 
Its  air-bladder  has  been  figured 
on  p.  146. 

'■Micropoffon  is  closely  allied  to 
rotfonia3,hat  has  conical  pharyn- 
il  teeth.   Two  species  from  the 
western  parts  of  the  Atlantia 

Umbbisa. — Snout  convex,  witli  the  upper  jaw  overlapping 
the  lower ;  a  short  barbel  under  the  symphysis  of  the  mandible. 
The  first  dorsal  with  nine  or  ten  flexible  spines,  the  anal  with 
one  or  two.     Scales  of  moderate  size. 


Fig.  187.— Phnryngeal  bones  and 

teeth  of  Fogoaiaa  chromia. 
A,  Upp«r  ;  B,  Lower  pharyngeala. 


Fig.  188. — Vmbrina  ntuiu,  f^m  Panama. 
Twenty    species    are    known    from    the    Mediterraneai], 
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Adantic,  and  Indian  Ocean     One  well  known  to  the  ancients. 


Pig,  189  — fmJniui 


>,  ^m  Paaama. 


under  tlie  name  of  Umbra,  Is  the  Umbrina  cirrhosa  of  the 
Mediterranean,  the  "  TJmhrine  "  or  "  Omhre  "  of  the  French, 
and  tiie  "  Corvo  "  of  the  Italians.  It  ranges  to  the  Cape  of 
Good  Hope,  and  attains  a  length  of  three  feet.  Also  on  the 
coasta  of  the  United  States  several  species  occur,  as  V.  albtima, 
U.  ncbutosa,  etc, 

Sci«SA  (including  Corvina). — The  upper  jaw  overlapping  the 
lower,  or  both  jaws  equal  in  front  Interorbital  space  moderately 
broad  and  slightly  convex.  Cleft  of  the  mouth  horizontal  or 
slightly  oblique.  The  outer  series  of  teeth  is  generally  composed 
of  teeth  larger  than  the  rest,  but  there  are  no  canines.  Eye  of 
moderate  size,  barbel  none. 

Some  fifty  species  are  known,  but  their  distinctive  char- 


Fig.  190. — ilcueiiii  riclianlsooiL 
actera  have  been  but  imperfectly  pointed  out.    They  are  found 
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in  all  the  seas  and  rivers  in  which  Sci^noids  generally  occnr, 
and  many  are  entirely  confined  to  fresh  water,  for  instance  the 
species  figured,  Scictna  richardsonii,  from  Lake  Huron ;  Sc. 
amazonica  ;  Sc.  obliqua,  ocdlata,  oseula,  etc.,  from  fresh  waters 
of  the  United  States.  Sciccna  diacanthus  and  Sc,  coitor  belong 
to  the  most  common  fishes  of  the  coasts  of  the  East  Indies, 
ascending  the  great  rivers  for  a  long  distance  from  the  sea. 
One  pf  the  European  species,  Sciccna  aquila,  has  an  extremely 
wide  range ;  it  not  rarely  reaches  the  British  coasts,  where  it 
is  known  as  "  Meagre,"  and  has  been  fovmd  at  the  Cape  of 
Good  Hope  and  on  the  coast  of  southern  Australia.  Like  some 
of  the  other  species  it  attains  to  a  length  of  six  feet,  but  the 
majority  of  the  species  of  this  genus  remain  within  smaller 
dimensions.  A  part  of  the  species  have  the  second  anal  ray 
very  strong,  and  have  been  placed  into  a  distinct  genus, 
Corvinay — thus,  among  others,  Sc,  nigra  from  the  Mediter- 
ranean, and  Sc,  richardsonii, 

Pachyurvs  is  closely  allied  to  Sciama,  but  has  the  vertical 
fins  densely  covered  with  small  scales. 

Otouthus. — Snout  obtuse  or  somewhat  pointed,  with  the 
lower  jaw  longer.  The  first  dorsal  with  nine  or  ten  feeble  spines. 
Canine  teeth  more  or  less  distinct.  Praeoperculum  denticulated. 
Scales  of  moderate  or  small  size. 

About  twenty  species  are  known  from  the  tropical  and 

sub- tropical  parts  of  the  Atlantic  and  Indian  Oceans.     The 

air-bladder  is  figured  on  p.  144. 

Ancylodon  difiers  from  OtoUthus  in  having  very  long  arrow- 
shaped  or  lanceolate  canine  teeth.     Coasts  of  tropical  America. 

CoLLiCHTHTa — Body  elongate ;  head  very  broad,  with  the 
upper  surface  very  convex  ;  cleft  of  the  mouth  wide  and  oblique  ; 
no  large  canines.  Eye  small.  No  barbel.  Scales  small,  or  of 
moderate  size.     The  second  dorsal  very  long,  caudal  pointed. 

Three  species  from  the  East  Indian  and  Chinese  coasts. 

The  great  development  of  the  muciferous  system  on  the  head 
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and  the  small  eye  leads  one  to  suppose  that  these  fishes  live 
in  muddy  water  near  the  mouths  of  large  rivers.  The  air- 
bladder  has  been  described  on  p.  144. 

Other  genera  belonging  to  this  family  are  Larimus,  JSques, 
Nehris,  and  Lorvchurus, 

Sixth  Division — ^Acanthopterygii  Xiphiiformes. 

Tlie  upper  jaw  is  produced  into  a  long  cuneiform  weapon. 

These  fishes  form  one  small  family  only,  Xiphiidcc. 

The  "Sword-fishes"  are  pelagic  fishes,  occurring  in  all 
tropical  and  sub-tropical  seas.  Glenerally  found  in  the  open 
ocean,  always  vigilant,  and  endowed  with  extraordinary 
strength  and  velocity,  they  are  but  rarely  captured,  and  still 
more  rarely  preserved.  The  species  found  in  the  Indian  and 
Pacific  Oceans  belong  to  the  genus  Histiophorus,  distinguished 
from  the  common  Mediterranean  Sword-fish,  or  Xiphias,  by 


Fig.  191. — Histiophorus  i)ulchelltis. 

the  presence  of  ventral  fins,  which,  however,  are  reduced  to 
two  long  styliform  appendages.  The  distinction  of  the 
species  is  beset  with  great  difficulties,  owing  to  the  circum- 
stance that  but  few  examples  exist  in  museums,  and  further, 
because  the  form  of  the  dorsal  fin,  the  length  of  the  ventrals, 
the  shape  and  length  of  the  sword,  appear  to  change  accord- 
ing to  the  age  of  the  individuals.  Some  specimens  or  species 
have  only  the  anterior  dorsal  rays  elevated,  the  remainder  of 
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the  fin  being  very  low,  whilst  in  others  all  the  rays  are 
exceedingly  elongate,  so  that  the  fin,  when  erected,  projects 
beyond  the  surface  of  the  water.  It  is  stated  that  Sword- 
fishes,  when  quietly  floating  with  the  dorsal  fin  erect,  can 
sail  before  the  wind,  like  a  boat. 

Sword-fishes  are  the  largest  of  Acanthopterygians,  and 
not  exceeded  in  size  by  any  other  Teleostean ;  they  attain  to 
a  length  of  from  12  to  15  feet,  and  swords  have  been  obtained 
more  than  three  feet  long,  and  with  a  diameter  of  at  least 
three  inches  at  the  base.  The  sword  is  formed  by  the  pro- 
longation and  coalescence  of  the  maxillary  and  intermaxillary 
bon'es ;  it  is  rough  at  its  lower  surface,  owing  to  the  develop- 
ment of  rudimentary  villifoim  teeth,  very  hard  and  strong, 
and  forms  a  most  formidable  weapon.  Sword-fishes  never 
hesitate  to  attack  whales  and  other  large  Cetaceans,  and  by 
repeatedly  stabbing  these  animals  generally  retire  from  the 
combat  victorious.  The  cause  which  excites  them  to  those 
attacks  is  unknown ;  but  they  follow  this  instinct  so  blindly 
that  they  not  rarely  attack  boats  or  large  vessels  in  a  similar 
manner,  evidently  mistaking  them  for  Cetaceans.  Sometimes 
they  actually  succeed  in  piercing  the  bottom  of  a  ship, 
endangering  its  safety;  but  as  they  are  unable  to  execute 
powerful  backward  movements  they  cannot  always  retract 
their  sword,  which  is  broken  off  by  the  exertions  of  the  fish 
to  free  itself.  A  piece  of  a  two-inch  plank  of  a  whale-boat, 
thus  pierced  by  a  sword-fish,  in  which  the  broken  sword  still 
remains,  is  preserved  in  the  British  Museum. 

The  Rev.  Wyatt  Gill,  who  has  worked  as  a  missionary 
for  many  years  in  the  South  Sea  Islands,  communicates  that 
young  Sword-fishes  are  easily  caught  in  strong  nets,  but  no  net 
is  strong  enough  to  hold  a  fish  of  six  feet  in  length.  Speci- 
mens of  that  size  are  now  and  then  captured  by  hook  and 
line,  a  small  fish  being  used  as  bait.  Individuals  with  the 
sword  broken  off  are  not  rarely  obser\^ed.     Larger  specimens 
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cannot  be  captured  by  the  natives,  who  are  in  great  fear  of 
them.  They  easily  pierce  their  canoes,  and  only  too  often 
dangerously  wound  persons  sitting  in  them. 

The  Mediterranean  Sword-fish  is  constantly  caught  in  the 
nets  of  the  Tunny-fishers  off  the  coast  of  Sicily,  and  brought 
to  market,  where  its  flesh  sells  as  well  as  that  of  the  Tunny. 

The  remarkable  changes  which  Sword-fishes  undergo  at 
an  early  stage  of  their  growth  have  been  noticed  above,  p. 
173  and  seq. 

Sword-fishes  are  as  old  a  type  as  the  Berycoids.  Their 
remains  have  been  found  in  the  chalk  of  Lewes,  and  more 
frequently  in  the  London  clay  of  Sheppy,  where  an  extinct 
genus,  Coelorhynchtis,  has  been  recognised. 

Seventh  Division — ^Acanthopterygii  Trichiuriformes. 

Body  elongate,  compressed  or  hand-like;  cleft  of  the  mouth 
vnde,  with  several  strong  teeth  in  the  jaws  or  on  the  palate.  The 
spinous  and  soft  portions  of  the  dorsal  fin  and  the  anal  are  of 
nearly  equal  extent,  long,  many-rayed,  sometimes  terminating  in 
/inlets;  caudal  fn  forked,  if  present. 

Family — ^TRicmuRiDiE. 

Marine  fishes  inhabiting  the  tropical  and  sub-tropical  seas ; 
some  of  them  are  surface-fishes,  living  in  the  vicinity  of  the 
coast,  whilst  others  descend  to  moderate  depths,  as  the  Bery- 
coids. All  are  powerful  rapacious  fishes,  as  is  indicated  by 
their  dentition. 

The  oldest  of  the  extinct  genera  are  Enclwdus  and  An/cn- 
chelum  ;  they  were  formerly  referred  to  the  Scombroids,  but 
belong  to  this  family.  The  former  has  been  found  in  the 
chalk  of  Lewes  and  Msestricht ;  the  latter  is  abundant  in  the 
Eocene  schists  of  Glaris.  Anenchelum  is  much  elongate,  and 
exhibits  in  the  slender  structure  of  its  bones  the  character- 

2f 
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istics  of  a  deep-sea  fish ;  it  resembles  much  Lepidopus,  but 
has  some  long  rays  in  the  ventrals.  Other  Eocene  genera 
are  Nemopt-eryx  and  Xiphopterus,  In  the  Miocene  of  Licata 
in  Sicily  Trichiuridce  are  well  represented,  viz.  by  a  species 
of  LepidopiiSy  and  by  two  genera,  ffemithyrsites  and  TrichiU' 
richthys,  which  are  allied  to  Thyrsites  and  Trichiurvs,  but 
covered  with  scales. 

The  following  is  a  complete  list  of  the  genera  referred  to 
this  family : — 

Nealotus. — Body  incompletely  clothed  with  delicate  scales. 
Small  teeth  in  the  jaws  and  on  the  palatine  bones ;  none  on  the 
vomer.  Two  dorsal  fins,  the  first  continuous  and  extending  to 
the  second ;  finlets  behind  the  second  and  anal  fins.  Each 
ventral  fin  represented  by  a  single  small  spine.  A  dagger-shaped 
spine  behind  the  vent     Caudal  fin  well  developed. 

One  specimen  only  of  this  fish  (iV.  tripes),  10  inches  long, 
has  been  obtained  off  Madeira ;  it  evidently  lives  at  a  con- 
siderable depth,  and  comes  to  the  surface  only  by  accident. 

Nesiarchu& — Body  covered  with  small  scales.  Several  strong 
fangs  in  the  jaws ;  no  teeth  on  the  palate.  First  dorsal  not  ex- 
tending to  the  second.  No  detached  finlets.  Ventrals  small, 
but  perfectly  developed,  thoracic  Caudal  fin  present  A 
dagger-shaped  spine  behind  the  vent. 

A  rather  large  fish  (iV.  nasiUus),  very  rarely  found  in  the 

sea  off  Madeira.     The  two  or  three  specimens  found  hitherto 

measure  from  three  to  four  feet  in  length.'   Probably  living 

at  the  same  depth  as  the  preceding  genus. 

Aphanopus. — Scales  none.  Two  very  long  dorsal  fins; 
caudal  well  developed ;  ventrals  none.  A  strong  dagger-shaped 
spine  behind  the  vent.  Strong  teeth  in  the  jaws ;  none  on  the 
palate. 

One  species  only  is  known,  named  A,  carbo  from  its  coal- 
black  colour ;  it  is  evidently  a  deep-sea  fish,  very  rarely  ob- 
tained in  the  sea  off  Madeira.     Upwards  of  four  feet  long. 

EuoxYMETOPON.  —  Body  naked,  very  long  and  thin.     Profile 
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of  the  head  regularly  decurved  from  the  nape  to  the  snout,  the 
occiput  and  forehead  being  elevated  and  trenchant.  Jaws  with 
fangs ;  palatine  teeth  present.  One  dorsal  only,  continued  from 
the  head  to  the  caudal  fin,  which  is  distinct.  A  dagger-shaped 
spine  behind  the  vent.  Pectoral  fins  inserted  almost  horizontally, 
with  the  lowest  rays  longest,  and  with  the  posterior  border 
emarginate.     Ventral  fins  rudimentary,  scale'-like. 

This  is  another  deep-sea  form  of  this  family,  but,  at  pre- 
sent, no  observations  have  been  made  as  regards  the  exact 
depth  at  which  it  occurs.  A  specimen  has  been  known  since 
the  year  1812 ;  it  was  found  on  the  coast  of  Scotland,  and 
described  as  Trichiwrus  lepturiis.  The  same  species  has  been 
re-discovered  in  the  West  Indies,  where,  however,  it  is  also 
extremely  scarce. 

Lepidopus. — Body  band-like ;  one  single  dorsal  extends  along 
the  whole  length  of  the  back  ;  caudal  well  developed.  Ventrals 
reduced  to  a  pair  of  scales.  Scales  none.  Several  fangs  in  the 
jaws  j  teeth  on  the  palatine  bones. 

The  Scabbard-fish  (Z.  caicdatm)  is  rather  common  in  the 

Mediterranean  and  warmer  parts  of  the  Atlantic,  extending 


Fig.  192. — Lepidopus  caudatus. 

northwards  to  the  south  coast  of  England,  where  it  is  an 
occasional  visitor,  and  southwards  to  the  Cape  of  Good  Hope. 
More  recently  it  has  been  observed  on  the  coasts  of  Tasmania 
and  New  Zealand.  We  may,  therefore,  justly  consider  it  to 
be  a  deep-sea  fish,  which  probably  descends  to  the  same  depth 
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as  the  preceding  allied  forms.  It  grows  to  a  length  of  five  or 
six  feet,  but  its  body  is  so  much  compressed  that  it  does  not 
weigh  more  than  as  many  pounds.  It  is  well  known  in 
New  Zealand,  where  it  is  called  "  Frost-fish,"  and  esteemed 
as  the  most  delicious  fish  of  the  colony.  A  still  more 
attenuated  species  (i.  tenuis)  occurs  in  the  sea  off  Japan,  at  a 
depth  of  some  340  fathoms. 

TRiCfflUBUS. — Body  band-Hke,  tapering  into  a  fine  point,  with- 
out caudal  fin.  One  single  dorsal  extending  the  whole  length  of 
the  back.  Yentrals  reduced  to  a  pair  of  scales,  or  entirely 
absent  Anal  fin  rudimentary,  with  numerous  extremely  short 
spines,  scarcely  projecting  beyond  the  skin.  Long  fangs  in  the 
jaws ;  teeth  on  the  palatine  bones,  none  on  the  vomer. 

The  "Hairtails"  belong  to  the  tropical  marine  fauna, 

and  although  generally  found  in  the  vicinity  of  land,  they 

wander  frequently  out  to  sea,  perhaps  merely  because  they 

follow  some  ocean-currents.     Therefore  they  are  not  rarely 

found  in  the  temperate  zone,  the  common  West  Indian  species 

{T.  lepiurus),  for  instance,  on  the  coast  of  England.     They 

attain  to  a  length  of  about  four  feet.     The  number  of  their 

vertebrae  is  very  large,  as  many  as  160,  and  more.      Six 

species  are  known. 

Epinntjla — Body  rather  elongate,  covered  with  minute  scales, 
The  first  dorsal  fin  continuous,  with  spines  of  moderate  strength, 
and  extending  on  to  the  second;  finlets  none;  ventrals  well 
developed.  Lateral  lines  two.  Teeth  of  the  jaws  strong; 
palatine  teeth,  none. 

The  "  Domine  "  of  the  Havannah,  F,  vrngistralis, 

THYRsrrES. — Body  rather  elongate,  for  the  greater  part  naked 
The  first  dorsal  continuous,  with  the  spines  of  moderate  strength, 
and  extending  on  to  the  second.  From  two  to  six  finlets  behind 
the  dorsal  and  anal.  Several  strong  teeth  in  the  jaws ;  teeth 
on  the  palatine  bones. 

The  species  of  this  genus  attain  to  a  considerable  size 

(from  four  to  five  feet),  and  are  valuable  food  fishes ;  Th.  atun 
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from  the  Cape  of  (Jood  Hope,  South  Australia,  New  Zealand, 
and  Chili,  is  preserved,  pickled  or  smoked.  In  New  Zea- 
land it  is  called  "Barracuda"  or  "Snoek,"  and  exported 
from  the  colony  into  Mauritius  and  Batavia  as  a  regular 
article  of  commerce,  being  worth  over  £17  a  ton ;  Th.  pretiostis, 
the  "  Escholar  "  of  the  Havannah,  from  the  Mediterranean, 
the  neighbouring  parts  of  the  Atlantic,  and  the  West  Indies ; 
Th.  promethem  from  Madeira,  Bermuda,  St  Helena,  and 
Polynesia;  Th.  solandri  from  Amboyna  and  Tasmania  is 
probably  the  same  as  Th.  prometheus. 

Young  specimens  of  this  (or,  perhaps,  the  following)  genus 
have  been  described  as  Dicrotus.  In  them  the  finlets  are  not 
yet  detached  from  the  rest  of  the  fin ;  and  the  ventral  fins, 
which  are  entirely  obsolete  in  the  adult  fish,  are  represented 
by  a  long  crenulated  spine. 

Gempylus. — Body  very  elongate,  scaleless.  The  first  dorsal 
fin  continuous,  with  thirty  and  more  spines,  and  extending  on 
to  the  second.  Six  finlets  behind  the  dorsal  and  anal.  Several 
strong  teeth  in  the  jaws,  none  on  the  palate. 

One  species  {G.  serpens),  inhabiting  considerable  depths  of 

the  Atlantic  and  Pacific  Oceans. 

Family — PALiEORHYNCHiD^. 

This  family  has  been  formed  for  two  extinct  genera: 
PalccorhyTichus  from  the  schists  of  Claris,  and  Hemvrhynchns 
from  tertiary  formations  near  Paris.  These  genera  resemble 
much  the  Trichiuridce  in  their  long,  compressed  body,  and 
long  vertical  fins,  but  their  jaws,  which  are  produced  into  a 
long  beak,  are  toothless,  or  provided  with  very  small  teetL 
The  dorsal  fin  extends  the  whole  length  of  the  back,  and  the 
anal  reaches  from  the  vent  nearly  to  the  caudal,  which  is 
forked.  The  ventrals  are  composed  of  several  rays  and 
thoracic.  The  vertebrae  long,  slender,  and  numerous,  and,  like 
all  the  bones  of  the  skeleton,  thin,  indicating  that  these  fishes 
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were  inhabitants  of  considerable  depths  of  the  ocean.  Both 
the  jaws  of  Palcrorhynchtcs  are  prolonged  into  a  beak,  whilst 
in  ffemirhynchus  the  upper  exceeds  the  lower  in  length. 

Eighth  Division — ^Acanthopterygii  Cotto-scombriformes. 

Spines  developed  in  one  of  the  fins  at  least,  Doi'sal  fins 
either  continuous  or  close  together ;  the  spinous  dorsal,  if  pre- 
sent,  always  short ;  sometimes  modified  into  tentacles,  or  into 
a  suctorial  dish ;  soft  dorsal  always  long,  if  the  spinous  is 
absent;  anal  similarly  developed  as  the  soft  dorsal,  and  hath 
generally  much  longer  tlian  the  spinous,  sometimes  terminaling 
in  finlets,  Ventrals,  thoracic  or  jugular,  if  present,  never 
modified  into  an  adhesive  apparatus.  No  protninent  anal 
papilla. 

Marine  fishes,  with  few  exceptions. 

First  FAj^nLY — ^AcRONURiDiE. 

Body  compressed,  oblong  or  elevated,  covered  with  minute 
scales.  Tail  generally  armed  with  one  or  more  bony  pkttes  or 
spines,  which  are  developed  with  age,  but  absent  in  very  young 
individuals.  Eye  lateral^  of  moderate  size.  Mouth  small ;  a 
single  series  of  more  or  less  compressed,  sometimes  denlicuiuted, 
sometimes  pointed  incisors  in  each  jaw  ;  palate  toothless.  One 
dorsal  fin,  the  spin^ms  portion  being  less  developed  than  the  soft  ; 
anal  with  two  or  three  spines;  ventral  fins  thoracic.  Air- 
bladder  forked  posteriorly,  Inte'itines  %oith  mo7'e  or  less 
numerates  circumvolutions.  Nine  abdominal,  and  thirteen 
caudal  vertebrce. 

Inhabitants  of  the  tropical  seas,  and  most  abundant  on 
coral-reefs.  They  feed  either  on  vegetable  substances  or  on 
the  superficial  animal  matter  of  corals. 

Extinct  species  of  Acanthurus  and  Naseus  have  been  dis- 
covered in  the  Monte  Bolca  formation. 
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ACANTHURUS. — Jaws  with  a  single  series  of  lobate  indsors, 
which  are  sometimes  movahle.  An  erectile  spine  hidden  in  & 
groove  on  each  side  of  the  tail.  Ventral  fins  with  one  spine 
and  generally  five  rays.  Scales  ctenoid,  sometimes  with  minute 
spinea.     Branch  iostegals  five. 

The  fishes  of  this  genus,  which  sometimes  are  termed 
"  Surgeons,"  are  readily  recognised  by  the  sharp  lancet-shaped 
spine  with  which  each  side  of  the  tail  is  armed.  When  at 
rest  the  spine  is  hidden  in  a,  sheath ;  but  it  can  be  erected 
and  used  by  the  fish  as  a  very  dangerous  weapon,  by  striking 
with  the  tail  towards  the  right  and  left.  "  Surgeons  "  occur 
in  all  tropical  seas,  with  the  exception  of  the  eastern  part  of 
the  Pacific,  where  they  disappear  with  the  corals.    They  do 


Fig.  193. — Acaathunu  leueoateraum,  Inilion  Ocean. 

not  attain  to  any  size,  the  lai^est  species  scarcely  exceeding 
a  length  of  eighteen  inches.  Many  are  (^;reeably  or  showily 
coloured,  the  ornamental  colours  being  distributed  in  very 
extraordinary  patterns.  The  larger  species  are  eatable,  and 
some  even  esteemed  as  food.  It  is  stated  that  the  fry  of 
some  species  periodically  approaches,  in  immense  numbers, 
the  coasts  of  some  of  the  South  Sea  Islands  (Caroline  Archi- 
pelago), and  serves  as  an  important  article  of  food  t«  the 
natives.    Nearly  fifty  species  are  known. 

At  an  early  period  of  their  growth  these  fishes  present  so 
difierent  an  aspect  that  they  were  considered  a  distinct  genus, 
Acronurua.    The  form  of  the  body  is  more  circular  and  ex- 
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ceedingly  compressed.  No  scales  are  developed,  bnt  the 
skin  forms  namerous  oblique  parallel  folds.  The  gill-coTer 
and  the  breast  are  shining  silveiy. 

Naseos. — Tail  with  two  {rarely  one  or  three)  bony  keeled 
plates  an  each  side  (in  the  adult).  Head  sometimes  with  a  bony 
horn  or  crest-like  prominence  directed  forwards.  Tentral  fins 
composed  of  one  spine  and  three  rays.  From  four  to  six  spines 
in  the  dorsal ;  two  anal  spines.  Scales  minnte,  rough,  fonning  a 
sort  of  fine  shagreen.  Air-bladder  forked  behind.  Intestinal 
tract  with  many  circumvolntions. 

Twelve  species  are  known  from  the  tropical  Indo-Pacific, 
but  none  of  them  extend  eastwards  beyond  the  Sandwich 
Islands.  In  their  mode  of  life  these  fishes  resemble  the 
AmiUhuri.  Likewise,  the  young  have  a  very  different  appear- 
ance, and  are  unarmed,  and  were  described  as  a  distinct 
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genus,  JCeTns.  One  of  the  most  common  species  is  W.  unttw- 
nig,  which,  when  adult  (22  inches  long),  has  a  horn  about 
2  inches  long,  whilst  it  is  merely  a  projection  in  front  of  the 
eye  in  individuals  of  7  inches  in  length. 

Prionwva  is  an  allied  genus  with  a  series  of  several  keeled 
bony  laminee  on  each  side  of  the  tail 

Second  Family — Carangid^ 
Sody  more  or  less  compressed,  (Moiig  or  elevated,  covered  wUh 
email  scales  or  naked  ;  eye  laieral.  Teeth,  if  present,  conical. 
JVo  bony  stay  for  the  prceopercvlum.  The  spiTunta  dorsal  is  less 
developed  than  the  soft  or  than  the  anal,  either  continu&us  with, 
or  separated  from,  the  soft  portion ;  somUimes  rvdivientary. 
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Ventrals  thoraeic,  tometimes  ntdimentary  or  entirely  ahtent. 
No  prominent  papilla  near  the  vent.  Gill-opening  wide.  Ten 
abdorainal  arid  fourteen  caudal  vertebrx, 

InhabitantB  of  tropical  and  temperate  seas.  CamivoroxiB. 
They  appear  first  in  cretaceous  formationa,  where  they  are 
represented  by  Platax  and  some  Caraux-like  genera  { Vomer 
and  Aipichikya  from  the  chalk  of  Comen  in  Istria).     They  are 


Fig.  19S. — Semioplionia  Telituil. 
more  numerous  in  various  Tertiary  fonnations,  especially  in 
the  8b«ta  of  Monta  Bolca,  where  some  still  existing  genera 
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occur,  as  Zanclus,  Platax,  Caranx  (Carangopsis),  Arffyriosm 
( Vomer),  Zichia,  Trachynotus,  Of  the  extinct  genera  the  fol- 
lowing belong  to  this  family : — Psevdovomer  (Licata),  Amphis- 
tium,  Archmus,  Ihictor,  Plionemns  (?),  and  Semiophorms.  Equttla 
has  been  recently  discovered  in  the  Miocene  marls  of  Licata 
in  Sicily. 

Caranx  (including  Trachurus), — Body  more  or  less  compressed, 
sometimes  sub-cylindrical.  Cleft  of  the  mouth  of  moderate  width. 
The  first  dorsal  fin  continuous,  with  about  eight  feeble  spines, 
sometimes  rudimentary ;  the  soft  dorsal  and  anal  are  succeeded 
by  finlets  in  a  few  species.     Two  anal  spines,  somewhat  remote 


Fig.  196. — Plates  of  the  lateral  line  of  Caranx  hip])08. 

from  the  fin.  Scales  very  small.  Lateral  line  with  an  anterior 
curved,  and  a  posterior  straight,  portion,  either  entirely  or  pos- 
teriorly only  covered  by  large  plate-like  scales,  several  of  which 
are  generally  keeled,  the  keel  ending  in  a  spine.  Dentition  feeble. 
Air-bladder  forked  posteriorly. 

The  "Horse-mackerels"  are  found  in  abundance  in  almost 
all  temperate  and,  especially,  tropical  seas.  Many  species 
wander  to  other  parts  of  the  coast,  or  to  some  distance  from 
land,  and  have  thus  gradually  extended  their  range  over  two 
or  more  oceanic  areas ;  some  are  found  in  all  tropical  seas* 
The  species  described  are  very  numerous,  about  ninety 
having  been  properly  characterised  and  distinguished.  Some 
attain  to  a  length  of  three  feet  and  more,  and  all  are  eatable. 
They  feed  on  other  fish  and  various  marine  animak. 

Of  the  most  noteworthy  species  the  following  may  be 
mentioned: — C.  trachurus,  the  common  British  Horse-mackerel, 
distinguished  by  having  the  lateral  line  in  its  whole  length 
armed  with  large  vertical  plates;  it  is  almost  cosmopolitan 
within  the  temperate  and  tropical  zones  of  the  northern  and 
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southern  hemispheres.    C,  crumenophthalimis,  C.  carangtis,  and 
C  hippos,  three  of  the  most  common  sea-fishes,  equally  abun- 


Fig.  197. — Caranx  ferdau. 

d&nt  in  the  Atlantic  and  Indo-Pacific  oceans ;  C,  ferdau, 
^'^otsx  the  Indo-Pacific,  upwards  of  three  feet  in  length.  C. 
^'^"^natus,  ciliaris,  gallus,  etc.,  which  have  an  exceedingly  short 
compressed  body,  with  rudimentary  spinous  dorsal  fin, 
^th  some  of  the  rays  of  the  dorsal  and  anal  prolonged 
filaments. 


tlx 


^RQTRiosus  is  closely  allied  to  Caranx,  especially  to  the  last- 
species,  but  the  lateral  line  has  no  plates  whatever  j  and 
body  is  scaleless,  chiefly  of  a  bright  silvery  colour. 

^Iwo  species  bom  the  tropical  Atlantic. 

^ICROPTBRTX. — ^Body  much  compressed,  with  prominent  tren- 

tkX   abdomen,   covered  with    small  scales  :   lateral  line  not 

*^^^lded ;  prseopercular  margin  entire.     Cleft  of  the  mouth  rather 

^*^*ll ;  prsBorbital  of  moderate  width.     The  first  dorsal  continu- 

^^^  with  seven  feeble  spines.     No  detached  finlets.     Small  teeth 

^^  the  vomer  and  palatine  bones. 
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Micropteryx  chrysurus  is  a  semi-pelagic  fish,  and  very 
common  in  the  tropical  Atlantic,  less  so  in  the  Indian 
Ocean. 

Sebiola. — Body  oblong,  slightly  compressed,  with  rounded 
abdomen,  covered  with  very  small  scales ;  lateral  line  not  shielded; 
prsBopercular  margin  entire.  Cleft  of  the  mouth  of  moderate 
width,  or  rather  wide.  The  first  dorsal  continuous,  with  feeble 
spine&  No  detached  finlets.  Yilliform  teeth  in  the  jaws,  on 
the  vomer  and  palatine  bones. 

These  fishes  are  often  called  "  Yellow-tails,"  and  occur  in 
nearly  all  the  temperate  and  tropical  seas,  sometimes  at  a 
great  distance  from  land.  Twelve  species  are  known,  and  the 
majority  have  a  wide  geographical,  range.  The  larger  grow 
to  a  length  of  from  four  to  five  feet,  and  are  esteemed  as  food, 
especially  at  St  Helena,  the  Cape  of  Good  Hope,  in  Japan, 
Australia,  and  New  Zealand. 

Scriolella  and  Seriolichthys,  the  latter  from  the  Indo-Pacific, 
and  distinguished  by  a  finlet  behind  the  dorsal  and  anal,  are 
allied  genera. 

NAUCRATEa — Body  oblong,  sub-cylindrical,  covered  with  small 
scales ;  a  keel  on  each  side  of  the  tail.  The  spinous  dorsal  con- 
sists of  a  few  short  free  spines ;  finlets  none.  Yilliform  teeth  in 
the  jaws,  on  the  vomer  and  palatine  bones. 

The  "  Pilot-fish  "  (iV.  ductor)  is  a  truly  pelagic  fish,  known 
in  all  tropical  and  temperate  seas.  Its  name  is  derived  from 
its  habit  of  keeping  company  with  ships  and  large  fish,  espe- 
cially Sharks.  It  is  the  Pompilus  of  the  ancients,  who  describe 
it  as  pointing  out  the  way  to  dubious  or  embarrassed  sailors, 
and  as  announcing  the  vicinity  of  land  by  its  sudden  disap- 
pearance. It  was  therefore  regarded  as  a  sacred  fish.  The 
connection  between  the  Shark  and  the  Pilot-fish  has  received 
various  interpretations,  some  observers  having  perhaps  added 
more  sentiment  than  is  warranted  by  the  actual  facts.  It  was 
stated  that  the  Shark  never  seized  the  Pilot-fish,  that  the 
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latter  was  of  great  use  to  its  big  companion  in  conducting  it 
and  showing  it  the  way  to  its  food.  Dr.  Meyen  in  his  "  Beise 
um  die  Erde  '*  states  :  "  The  pilot  swims  constantly  in  front 
of  the  Shark;  we  ourselves  have  seen  three  instances  in 
which  the  Shark  was  led  by  the  Pilot.  When  the  Shark 
neared  the  ship  the  Pilot  swam  close  to  the  snout,  or  near 
one  of  the  pectoral  fins  of  the  animaL  Sometimes  he  darted 
rapidly  forwards  or  sidis  wards  as  if  looking  for  something,  and 
constantly  went  back  again  to  the  Shark.  When  we  threw 
overboard  a  piece  of  bacon  fastened  on  a  great  hook,  the 
Shark  was  about  twenty  paces  from  the  ship.  With  the 
quickness  of  lightning  the  Pilot  came  up,  smelt  at  the  dainty, 
and  instantly  swam  back  again  to  the  Shark,  swimming  many 
times  round  his  snout  and  splashing,  as  if  to  give  him  exact 
information  as  to  the  bacon.  The  Shark  now  began  to  put 
himself  in  motion,  the  Pilot  showing  him  the  way,  and  in  a 
moment  he  was  fast  upon  the  hook.^  Upon  a  later  occasion 
we  observed  two  Pilots  in  sedulous  attendance  on  a  Blue 
Shark,  which  we  caught  in  the  Chinese  Sea.  It  seems  probable 
that  the  Pilot  feeds  on  the  Sharks'  excrements,  keeps  his  com- 
pany for  that  purpose,  and  directs  his  operations  solely  from 
this  selfish  view."  We  believe  that  Dr.  Meyen's  opinion,  as 
expressed  in  his  last  words,  is  perfectly  correct.  The  Pilot 
obtains  a  great  part  of  his  food  directly  jfrom  the  Shark,  in 
feeding  on  the  parasitic  crustaceans  with  which  Sharks  and 
other  large  fish  are  infested,  and  on  the  smaller  pieces  of  flesh 
which  are  left  unnoticed  by  the  Shark  when  it  tears  its  prey. 
The  Pilot  also,  being  a  small  fish,  obtains  greater  security  when 
in  company  of  a  Shark,  which  would  keep  at  a  distance  all 
other  fishes  of  prey  that  would  be  likely  to  prove  dangerous 
to  the  Pilot.  Therefore,  in  accompanying  the  Shark,  the 
Pilot  is  led  by  the  same  instinct  which  makes  it  follow  a  ship. 

^  In  this  instance,  one  may  entertain  reasonable  doubts  as  to  the  usefulness 
of  the  Pilot  to  the  Shark. 
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"With  regard  to  the  statement  that  the  Pilot  itself  is  never 
attacked  by  the  Shark  all  observers  agree  as  to  its  truth ;  but 
this  may  be  accounted  for  in  the  same  way  as  the  impunity 
of  the  swallow  from  the  hawk,  the  Pilot-fish  being  too  nimble 
for  the  unwieldy  Shark. 

The  Pilot-fish  does  not  always  leave  the  vessels  on  their 
approach  to  land.  In  summer,  when  the  temperature  of  the 
sea-water  is  several  degrees  above  the  average.  Pilots  will 
follow  ships  to  the  south  coast  of  England  into  the  har- 
bour, where  they  are  generally  speedily  caught.  Pilot-fish 
attain  a  length  of  12  inches  only.  When  very  young 
their  appearance  differs  so  much  from  the  mature  fish  that 
they  have  been  described  as  a  distinct  genus,  Nauclerus. 
This  fry  is  exceedingly  common  in  the  open  ocean,  and  con- 
stantly obtained  in  the  tow-net;  therefore  the  Pilot-fish 
retains  its  pelagic  habits  also  during  the  spawning  season, 
and  some  of  the  spawn  found  by  voyagers  floating  on  the 
surface  is,  witliout  doubt,  derived  from  this  species. 

Chorinemus. — Body  compressed,  oblong ;  covered  Vith  small 
scales,  singularly  shaped,  lanceolate,  and  hidden  in  the  skin.  The 
first  dorsal  is  formed  by  free  spines  in  small  numbers;  the 
posterior  rays  of  the  second  dorsal  and  anal  are  detached  finlets. 
Small  teeth  in  the  jaws,  on  the  vomer  and  palatine  bones. 

Twelve  species  are  known  from  the  Atlantic  and  Indo- 
Pacific ;  some  enter  brackish  water,  whilst  others  are  more 
numerous  at  some  distance  from  the  shore.  They  attain  to  a 
length  of  from  2  to  4  feet.  In  the  young,  which  have  been 
described  as  Porihrnevs,  the  spines  and  finlets  are  connected 
by  membrane  with  the  rest  of  the  fin. 

LUkid  is  an  allied  genus  from  the  Mediterranean,  tropical 
Atlantic,  and  the  coast  of  Chili ;  five  species. 

Temnodon. — ^Body  oblong,  compressed,  covered  with  cycloid 
scales  of  moderate  size.  Cleft  of  the  mouth  rather  wide.  Jaws 
with  a  series  of  strong  teeth ;  smaller  ones  on  the  vomer  and 
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the  p&latine  bones.  The  first  dorsal  with  eight  feeble  spines 
connected  by  membrane ;  finlets  none,  lateral  line  not  shielded. 
The  second  dorsal  and  anal  covered  with  very  small  scales. 

Temnodon  saltator,  sometimes  called  "  Skip-jack,"  is  spread 
over  nearly  all  the  tropical  and  sub-tropical  seas ;  it  frequents 
principally  the  coaste,  but  is  also  met  with  in  the  open  sea. 
On  the  coasts  of  the  United  States  it  is  well  known  by  the 
name  of  "  Blue-fish,"  being  highly  esteemed  as  food,  and  fur- 
nishing excellent  sport.  It  is  one  of  the  most  rapacious 
fishes,  destroying  an  immense  number  of  other  shore-fishes, 
and  killing  many  more  than  they  can  devour.  It  grows  to  a 
length  of  5  feet,  but  the  majority  of  those  brought  to  market 
are  not  half  that  length. 

Trachtnotus. — Bodymore  or  lees  elevated,  compressed, covered 
with  very  small  scalea  Clefl  of  the  mouth  rather  small,  with 
short  convex  snout.  Opercles  entire.  The  first  dorsal  composed 
of  free  spines  in  small  number.  No  finlets.  Teeth  always 
small,  and  generally  lost  with  age. 

Ten  species  are  known  from  the  tropical  Atlantic  and 
Indo- Pacific ;  they  rarely  exceed  a  length  of  20  inches.  Some 
of  the  most  common  marine  fishes  belong  to  this  genus,  for 
instance  T.  ovatus,  which  ranges  over  the  entire  tropical  zone. 

Fammelas  (pcrci/ormis)  is  allied  to  the  preceding  genus ; 
from  the  coast  of  New  York  j^»  

PsETTua. — Body  much   com      ^S  ^JSr*   ^^^^^^ 

covered  with  scales,  with  seven  ul||*.t^^^i&H^^^^^^ 

three.    Ventrals  very  small,  rudi  ^^^       ^^H^BCI^^^^ 
mentary.     Teeth  villiform ;    no   ^^rilf'^jHJ^B^^^^^^''^^ 
teeth  on  the  palate.   Scales  small,       ^<^^^^^^^b>'*'^^ 
ctenoid. 

Only    three    species    are 
known ;  one,  P.  sdxe,  from  the  west  coast  of  Africa,  the  two 


othera  from  the  Indo-Pacific.     P.  argerUeux  is  a  very  com- 
mon fish,  attaining  to  a  length  of  about  10  inches. 


Pig.  189.— PMttusirgenteoa. 

Platax. — Body  much  compressed  and  elevated ;  snout  very 
short  One  dorsal,  with  the  spinous  portion  nearly  entirely 
hidden,  and  formed  by  from  three  to  seveo  spines ;  anal  with 
three.  Ventrals  well  developed,  with  one  spine  and  five  rays. 
Teeth  setiform,  with  an  outer  series  of  rather  larger  teeth, 
notched  at  the  top ;  palate  toothless.  Scales  of  moderate  size  or 
rather  small 

These  fishes  are  called  "  Sea-bate,"  from  the  extraordinary 
length  of  some  portion  of  their  dorsal  and  anal  fins  and  of 
their  veotrals.  These  long  lobes  are  generally  of  a  deep 
black  colour.  In  mature  and  old  individuals  the  fin-rays 
are  much  shorter  than  in  the  young,  which  have  been  de- 
scribed as  distinct  species.'  There  are  probably  not  more 
than  seven  species  of  "  Sea-bats,"  if  so  many,  and  they  all 
belong  to  the  Indian  Ocean  and  Western  Pacific,  where  they 
are  very  common. 
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Zanolus. — Body  much  compressed  and  elevated.  One  dorsal, 
with  seven  spines,  the  third  of  which  is  very  elongate.  No  teeth 
on  the  palate.     Scales  minute,  velvety. 

One  species  {Z,  comutvs),  which  is  extremely  common  in 

the  Indo-Pacific.     It  is  easily  recognised  by  its  snout,  which 

is  produced  like  that  of  CJidmon,  and  by  the  broad  black 

bands  crossing  the  yellow  ground-colour.     It  attains  to  a 

length  of  eight  inches,  and  undergoes  during  growth  similar 

changes  as  Acanthurus. 

Anomalops. — Body  oblong,  covered  with  small,  rough  scales. 
Snout  very  short,  convex,  with  wide  cleft  of  the  mouth.  Eyes 
very  large ;  below  the  eye,  in  a  cavity  of  the  infraorbital  ring, 
there  is  a  glandular  phosphorescent  organ.  Yilliform  teeth  in 
the  jaws  and  on  the  palatine  bones,  none  on  the  vomer.  First 
dorsal  fin  short,  with  a  few  feeble  spines  connected  by  membrane. 

This  genus,  of  which  one  species  only  is  known  {A.  palpe- 

hraius),  represents  the  family  of  Horse-Mackerels  in   the 

depths  of  the  sea ;  but  we  do  not  know,  at  present,  at  what 

depth  it  lives.     Only   six  specimens  have  been   obtained 

hitherto  from  the  vicinity  of  Amboyna,  the  Fidji,  and  Paumotu 

Islands ;  the  largest  was  twelve  inches  long. 

Capros. — Body  compressed  and  elevated.  Mouth  very  pro- 
tractile. Scales  rather  small,  spiny.  First  dorsal  with  nine  spines, 
anal  with  three.  Ventral  fins  well  developed.  Minute  teeth 
in  the  jaws  and  on  the  vomer ;  none  on  the  palatine  bones. 

The  "  Boar-fish  "  {C,  aper)  is  common  in  the  Mediterranean, 
and  not  rarely  found  on  the  south  coast  of  England. 

Allied  are  Antigonia  and  Diretmus,  known  from  a  few 
individuals  obtained  at  Madeira  and  Barbadoes;  they  are 
probably  fishes  which  but  rarely  come  to  the  surface. 

Equula. — Body  more  or  less  compressed,  elevated  or  oblong, 
covered  with  small,  deciduous,  cycloid  scales.  Mouth  very  pro- 
tractile. Minute  teeth  in  the  jaws ;  none  on  the  palate.  One 
dorsal  Formula  of  the  fins :  D.  \ii^^  A.  ^,  V.  1/5.  The 
lower  pneopercular  margin  serrated. 

2g 
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Small  species,  abundant  in  the  Indo-Pacific,  disappearing 


Pig  200  — Eqnnlk  edeutnli 
on  the  coasts  of  Japan  and  Australia.     Some  eighteen  species 
have  been  described. 

Gazza  is  very  similar  to  Equula,  but  armed  with  canine 
teeth  in  the  jaws. 

Other  genera  referred  to  this  family  are  Lactarius  (L,  deli- 
caiulus,  common,  and  eaten  on  the  East  Indian  coasts),  Serio- 
lella,  Par&psis,  and  Platystdhus. 

Third  Family — Cytttd^ 

Body  elevated,  compressed,  covered  jcith  sdmU  scales,  or  with 
bucklers,  or  naked;  eye  lateral.  Teeth  conical,  small.  No 
bony  stay  for  the  praxperculum.  Dorsal  Jin  composed  of  tux) 
distinct  portions.  Ventrals  thoracic.  No  proviincat  papilla 
near  the  vent.  Gill-opening  wide.  More  than  ten  abd&minal 
and  more  than  fourteen  caudal  vcrtebrcc. 

The  fishes  of  the  "  Dory "  family  are  truly  marine,  and 
inhabit  the  temperate  zone  of  the  Northern  and  Southern 
Hemispheres.  Some  fossils  from  tertiary  formations  (one  from 
Licata)  belong  to  the  genus  Zeus. 
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Zeii& — A  series  of  bony  plates  Tnns  along  tbe  base  of  the 
dorsal  and  anal  fins ;  another  series  on  the  abdomen.  Three  or 
four  anal  spines. 

"  John  Dorys  "  are  found  in  the  Mediterranean,  on  the 
eastern  temperate  shores  of  the  Atlantic,  on  the  coasts  of 
Japan  and  Australia.  Six  species  are  known,  all  of  which 
are  highly  esteemed  for  the  table.  The  English  name  given 
to  one  of  the  European  species  (Zeus/aier)  seems  to  be  partly 
a  corruption  of  the  Gascon  "Jan,"  which  signifies  cock, 
"  Dory "  being  derived  from  the  French  Donje,  bo  that  the 
entire  name  means  Gilt-Cock.  Indeed,  in  some  other  locali- 
ties of  Southern  Europe  it  bears  the  name  of  Oallo.  The 
same  species  occurs  also  on  the  coasts  of  South  Australia  and 
Kew  Zealand.  The  fishermen  of  Boman  Catholic  countries 
hold  this  fish  in  special  respect,  as  they  rect^ise  in  a  black 
round  spot  on  ite  side  the  mark  left  by  the  thumb  of  St. 
Peter  when  he  took  the  piece  of  money  from  its  mouth. 

CTTTts. — Body  covered  with  very  small  scales ;  no  osseoos 


Fig.  201.— Cyttiw  »u«tr«lis. 
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backlers  on  any  part  of  the  body.     Two  anal  spines ;  ventral 
fins  composed  of  one  spine  and  six  or  eight  rays. 

Three  species  are  known  firom  Madeira,  South  Australia, 
and  New  Zealand. 

FouBTH  Family — STR03kUTEiD.€. 

Body  more  or  Uss  oblong  and  compressed,  covered  with  very 
small  scales ;  eye  lateraL  Dentition  very  fcMe ;  oesophagtts 
armed  with  numerous  homy,  barbed  processes.  No  bony  stay 
for  the  prax^perculum.  Dorsal  Jin  single,  long,  vnthout  distinct 
spinous  division.  More  than  ten  abdominal  and  more  than 
fourteen  caudal  vertebrce. 

This  small  family  consists  of  strictly  marine  and  partly 
pelagic  species  referred  to  two  genera,  Stromateus  and  Centra- 
lophus.  The  former  lacks  ventral  fins,  at  least  in  the  adult 
stage,  and  is  represent^  by  about  ten  species  in  almost  all 
the  tropical  and  warmer  seas.  Centrolophus,  hitherto  known 
firom  two  or  three  European  species  only  (of  which  one  occa- 
sionally reaches  the  south  coast  of  England,  where  it  is  named 
"  Black-fish  "),  has  recently  been  discovered  on  the  coast  of 
Peru,  and  has  probably  a  much  wider  range. 

Fifth  Family — CoRYPHiENiD^ 

Body  compressed;  eye  lateraL  Teeth  small,  conical,  if 
present ;  (esophagus  smooth.  No  bony  stay  for  the  prccoper- 
culum.  Dorsal  Jin  single,  long,  withoui  distinct  spinous  divi- 
sion. More  than  ten  abdominal  and  more  than  fourteen 
caudal  vertebrce. 

All  the  members  of  this  family  have  pelagic  habits.  Ee- 
presentatives  of  it  have  been  recognized  in  some  fossil 
remains  :  thus  Goniognaihus  from  the  Isle  of  Sheppey,  and  the 
living  genus  Mene  {Gastrocnemus)  at  Monte  Bolca. 

CoRYPH^NA- — Body  compressed,  rather  elongate ;  adult  speci- 
mens with  a  high  crest  on  the  top  of  the  head ;  cleft  of  the  mouth 
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wide.  A  single  dorsal  extending  from  the  occiput  almoBt  to  the 
caudal,  which  ia  deeply  forked;  no  distinct  dorsal  and  anal 
spines.  The  ventraU  are  well  developed,  and  can  be  received  in 
a  groove  on  the  abdomen.  Scales  very  small.  Basp-Uke  teeth 
in  the  jaws,  on  the  vomer  and  the  palatine  bones.  Air-bladder 
absent. 

Generally,  though  by  misapplication  of  the  name,  called 
"  Dolphins."     About  six  species  are  known,  each  of  which  is 


Fig.  202.— Dolphin  feim  the  Atl&ntic. 

probably  distributed  over  all  the  tropical  and  sub-tropical 
seas.  Strictly  pelagic  in  their  habits,  they  are  most  powerful 
swimmers ;  they  congregate  in  shoals,  and  pursue  unceasingly 
the  Flying-Fish,  which  try  to  escape  their  enemies  by  long 
tlying  leaps.  They  attain  to  a  length  of  six  feet,  and  are  et^rly 
caught  by  sailors  on  accoimt  of  their  well-flavoured  flesh. 
The  beauty  of  their,  unfortunately  fugitive,  colours  has  ever 
been  a  subject  of  admiration.  As  far  as  the  colours  are 
capable  of  description,  those  of  the  common  species  {C.  hip- 
pums),  which  is  oflen  seen  in  the  Mediterranean,  are  silvery 
blue  above,  with  markings  of  a  deeper  azure,  and  reflections 
of  pure  gold,  the  lower  parts  being  lemon-yellow,  marked  with 
pale  blue.  The  pectoral  fins  are  partly  lead  colour,  partly 
yellow ;  the  anal  is  yellow,  the  iris  of  the  eye  golden.  These 
iridescent  colours  change  rapidly  whilst  the  fish  is  dying,  as 
in  the  Mackerel,  The  form  of  the  body,  and  especially  of  the 
head,  chaises  considerably  with  age.  Very  young  specimens, 
from  one  to  six  inches  in  length,  are  abundant  in  the  open 
sea,  and  frequently  obtained  in  the  tow-net.  Their  body  is 
cylindrical,  theii  head  as  broad  as  high,  and  the  eye  relatively 
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very  hjga,  much  longer  than  the  suout  As  the  fish  grovrs 
the  body  is  more  compressed,  and  finally  a  high  crest  is 
developed  on  the  head,  and  the  anterior  part  of  the  dorsal  fin 
attains  a  height  equal  to  that  of  the  body. 

Braha. — Body  compressed,  and  more  or  less  elevated,  covered 
with  lather  small  scales  ;  cleft  of  the  mouth  very  oblique,  vith 
the  lower  jaw  longest  Dorsal  and  anal  fins  many-nriyed,  the 
former  with  three  or  four,  the  latter  with  two  or  three,  spines ; 
caudal  deeply  forked.  Yentrals  thoracic,  with  one  spine  and 
five  rays.     The  jaws  with  an  outer  series  of  stronger  teeth. 

Pelagic  fishes  which,  lite  the  allied  genus  Tarattes,  range 
over  almost  all  the  tropical  and  temperate  seas. 

Lamfbis. — Body  compressed  and  elevated,  covered  with  very 
small  deciduous  scales ;  cleft  of  the  mouth  narrow.  A  single 
dorsal,  without  a  spinous  portion.  Ventrals  composed  of  numer- 
ous rays.     Teeth  none. 

The  "  Sun-fish "  (Z.  luna)  is  one  of  the  most  beautiful 


Fig.  203.— I-ampria  luim. 

fishes  of  the  Atlantic.  It  attains  to  the  large  size  of  four  feet 
in  length,  is  bluish  on  the  back,  with  round  silvery  spots, 
which  colour  prevails  on  the  lower  parts ;  the  fins  are  of  a 
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deep  scarlet.  It  is  said  to  be  excellent  eating.  It  is  a  pelagic 
fish,  not  rare  about  Madeira,  but  extending  far  northwards  in 
the  Atlantic ;  it  seems  to  be  larer  in  the  Meditenaneau.  All 
the  specimens  hitherto  obtained  were  full-grown  or  nearly  so. 
The  skeleton  exhibits  several  pecuharities,  viz,  an  extra- 
ordinary development  and  dilatation  of  the  humeral  arch,  and 
great  strength  of  the  numerous  and  closely-set  ribs. 

Other  Coryphsenoid  genera  are  Pteradis,  Schedc^hUus, 
Diatia,  Ausonia,  and  McTie;  all  pelagic  forms. 

Sixth  Family — Nomeid^ 

Body  dbloTig,  more  or  less  compressed,  covered  wiih  cycloid 
scales  of  moderate  size  ;  eye  lateral.  No  bony  stay  for  the  prce- 
operatlum.  Dorsal  fin  with  a  distinct  ^nous  portion  separated 
from  tlie  soft ;  sortmtimcs  finlets ;  caudal  forked.  More  than 
ten  ahdominai,  and  more  than  fourteen  caudal  vertebroe. 

Marine  fishes ;  pelagic,  at  least  when  young. 

Gastbochisma. — Cleft  of  the  mouth  wide.    Finlets  behind  the 


Pig.  204. — Qaatrochuma  melunpiu. 
dorsal  and  anal  fins.     The  ventral  fins  are  exceedingly  broad 
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and  long,  and  can  be  completely  concealed  in  a  fold  of  the 
abdomen. 

G.  melamjms,  from  the  coast  of  New  Zealand ;  scarce. 

NoMEus. — Cleft  of  the  mouth  narrow.  No  finlets.  The 
ventral  fin  is  long  and  broad,  attached  to  the  abdomen  by  a 
membrane,  and  can  be  received  in  a  fissure  of  the  abdomen. 

If.  gronovii  is  a  common  pelagic  fish  in  the  Atlantic  and 
Indian  Oceans ;  of  small  size. 

Other  genera  belonging  to  this  family  are  Psenes  and 
Ctthiceps. 

Seventh  Family — ScoMBRiDiE. 

Body  oblong,  scarcely  coinpressedy  naked  or  covered  with  small 

scales ;  eye  laleral.    Dentition  well  developed.    No  bony  stay 

for  tJie  prceopercvlum.      Two  dorsal  fins ;  generally  finUts, 

Ventrals  thoramCy  with  on£  spine  and  five  rays.    More  than  ten 

abdominal,  and  more  than  fourteen  caxidal  vertebros. 

The  fishes  of  the  "Mackerel"  family  are  pelagic  forms, 
abundant  in  all  the  seas  of  the  tropical  and  temperate  zones. 
They  are  one  of  the  four  families  of  fishes  which  are  the  most 
useful  to  man,  the  others  being  the  Gadoids,  Clupeoids,  and 
Salmonoids.  They  are  fishes  of  prey,  and  unceasingly  active, 
their  power  of  endurance  in  swimming  being  equal  to  the 
rapidity  of  their  motions.  Their  muscles  receive  a  greater 
supply  of  blood-vessels  and  nerves  than  in  other  fishes,  and 
are  of  a  red  colour,  and  more  like  those  of  birds  or  mammals. 
This  energy  of  muscular  action  causes  the  temperature  of 
their  blood  to  be  several  degrees  higher  than  in  other  fishes. 
They  wander  about  in  shoals,  spawn  in  the  open  sea,  but 
periodically  approach  the  shore,  probably  in  the  pursuit  of 
other  fishes  on  which  they  feed.^ 

^  Mackerel,  like  other  marine  fishes,  birds,  and  mammals  of  prey,  follow 
the  shoals  of  young  and  adult  Clupeoids  in  their  periodical  migrations ;  on 
the  British  coasts  it  is  principally  the  fry  of  the  Pilchard  and  Sprat  which 
wanders  from  the  open  sea  towards  the  coast,  and  guides  the  movements  of 
the  MackereL 
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ScomhridcB  are  well  represented  in  tertiary  formations :  in 
the  Eocene  schists  of  Glaria  two  extinct  genera,  PaXimphyes 
and  Taurus,  have  been  discovered.  In  Eocene  and  Miocene 
formationa  Somber,  TTtynv/ue,  and  Ct/fnum  are  not  uncommon. 

Scomber. — The  first  dorsal  continuous,  with  feeble  spines ; 
five  or  six  finlets  behind  the  dorsal  and  anaL  Scales  very  small, 
and  equally  covering  the  whole  body.  Teeth  small.  Two  short 
ridges  on  each  side  of  the  caudal  fin. 

Mackerels  proper  are  found  in  almost  all  temperate  and 
tropical  seas,  with  the  exception  of  the  Atlantic  shores  of  tem- 
perate South  America,  where  they  have  not  been  found  hitherto. 
In  Europe,  and  probably  also  on  the  coast  of  England,  three 
species  occur ;  S.  scomber,  the  common  Mackerel,  which  lacks 
an  air-bladder ;  S.  pneUTnatophorus,  a  more  southern  species, 
with  an  air-bladder ;  and  S.  colias,  like  the  former,  but  with 
a  somewhat  different  coloration,  and  often  called  "  Spanish  " 
Mackerel  On  the  Cape  of  Good  Hope,  in  Japan,  on  the 
coast  of  California,  in  South  Australia,  and  Kew  Zealand, 
Mackerels  are  abundant,  which  are  either  identical  with,  or 
very  closely  allied  to,  the  European  species.  On  the  coasts 
of  the  United  States  the  same  species  occur  which  tenant  the 
western  parts  of  the  Atlantic.  Alt(^ether  seven  species  are 
known. 

TsTNNus. — The  first  dorsal  continuous,  with  the  spines  rather 


Fig.  205. — Tbyimiu  thynniu. 
feeble ;  from  six  to  nine  finleta  behind  the  dorsal  and  anal 


458  FISHES. 

Scales  of  the  pectoral  region  crowded,  forming  a  corslet.      Teeth 
rather  small.     A  longitudinal  keel  on  each  side  of  the  talL 

The  best-known  species  of  this  genus  is  the  "Tunny" 
{Thynnus  thynnus)^  abundant  in  the  Mediterranean,  and  rang- 
ing to  the  south  coast  of  England  and  to  Tasmania.  It  is 
one  of  the  largest  fishes  of  the  ocean,  attaining  to  a  length  of 
10  feet,  and  to  a  weight  of  more  than  1000  lbs.  The  fishery 
of  the  Tunny  is  systematically  carried  on  in  the  Mediter- 
ranean, and  dates  from  the  most  remote  antiquity.  Its  salted 
preparation  was  esteemed  by  the  Eomans  under  the  name  of 
Saltamentum  sardicum.  Its  flesh  is  extensively  eaten  now, 
fresh  as  well  as  preserved. 

Thynnus  pelaviySy  or  the  "  Bonito,"  is  equally  well  known, 
and  ranges  over  all  the  tropical  and  temperate  seas ;  it  eagerly 
pursues  the  Flying-fish,  and  affords  welcome  sport  and  food 
to  the  sailor.  In  its  form  it  resembles  the  Tunny,  but  is 
more  slender  and  rarely  above  three  feet  long. 

Some  of  the  other  species  are  provided  with  very  long 
pectoral  fins,  and  generally  called  by  sailors  "Albacore." 
They  are  said  to  grow  to  a  length  of  six  feet ;  Bennett  in  his 
"  Whaling  Voyage,"  vol.  ii.  p.  278,  makes  the  following  obser- 
vations on  Th,  genno,  from  the  Pacific :  "  Ships  when  cruising 
slowly  in  the  Pacific  Ocean,  are  usually  attended  by  myriads 
of  this  fish  for  many  successive  months.  A  few  days'  rapid 
sailing  is,  nevertheless,  sufl&cient  to  get  rid  of  them,  however 
numerous  they  may  be,  for  they  seldom  pay  more  than  very 
transient  visits  to  vessels  making  a  quick  passage.  When 
the  ship  is  sailing  with  a  fresh  breeze  they  swim  pertinaciously 
by  her  side  and  take  the  hook  greedily,  but  shotdd  she  be 
lying  motionless  or  becalmed  they  go  off  to  some  distance  in 
search  of  prey,  and  cannot  be  prevailed  upon  to  take  the 
most  tempting  bait  the  sailor  can  devise.  It  is  probably  as 
a  protection  from  their  chief  enemy,  the  Sword-fish,  that  they 
seek  the  society  of  a  ship.    I  am  not  aware  that  the  Shark  is 
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also  their  enemy ;  but  they  seemed  to  have  an  instinctive 
dread  of  this  large  fish,  and  when  it  approached  the  ship, 
would  follow  it  in  shoals,  and  annoy  it  in  the  same  manner 
as  the  smaller  birds  may  be  seen  to  annoy  those  of  a  larger 
and  predaceous  kind,  as  the  hawk  or  owL  They  are  very 
voracious  and  miscellaneous  feeders.  Flying-fish,  Calmars, 
and  small  shoal-fish  are  their  most  natural  food;  though 
they  do  not  refuse  the  animal  offal  from  a  ship.  Amongst 
the  other  food  contained  in  their  maw,  we  have  found  small 
Ostracions,  File-fish,  Sucking-fish,  Janthina  shells,  and  pelagic 
crabs ;  in  one  instance  a  small  Bonita,  and  in  a  second  a 
Dolphin  eight  inches  long,  and  a  Paper-nautilus  shell  con- 
taining its  sepia-tenant.  It  was  often  amusing  to  watch  an 
Albacore  pursuing  a  Flying-fish,  and  to  mark  the  precision 
with  which  it  swam  beneath  the  feeble  aeronaut,  keeping 
him  steadily  in  view,  and  preparing  to  seize  him  at  the 
moment  of  his  descent.  But  this  the  Flying-fish  would  often 
elude  by  instantaneously  renewing  his  leap,  and  not  un- 
frequently  escape  by  extreme  agility." 

Pelamys. — ^The  first  dorsal  continuous,  with  the  spines  rather 
feeble ;  from  seven  to  nine  finlets  behind  the  dorsal  and  anaL 
Scales  of  the  pectoral  region  forming  a  corslet  Teeth  moderately 
strong.     A  longitudinal  keel  on  each  side  of  the  taiL 

Five  species  are  known,  of  which  P.  mrda  is  common  in 

the  Atlantic  and  Mediterranean. 

Auxis. — Differing  from  the  preceding  two  genera  in  having 
very  small  teeth  in  the  jaws  only,  none  on  the  palate. 

Auxis  roclvei  common  in  the  Atlantic,  Mediterranean,  and 

Indian  Ocean. 

Ctbicm. — The  first  dorsal  continuous,  with  the  spines  rather 
feeble ;  generally  more  than  seven  finlets  behind  the  dorsal  and 
anal.  Scales  rudimentary  or  absent.  Teeth  strong;  a  longi- 
tudinal keel  on  each  side  of  the  tail 

Twelve  species  from  the  tropical  Atlantic  and  Indian 
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Ocean ;  frequenting  more  the  coast-region  than  the  open  sea ; 
attaining  to  a  length  of  four  or  five  feet. 

Elacate. — Body  covered  with  very  small  scales ;  head  de- 
pressed ;  cleft  of  the  mouth  moderately  wide ;  no  keel  on  the 
tail.  The  spinous  dorsal  is  formed  hy  eight  small  free  spines ; 
finlets  none.  Villiform  teeth  in  the  jaws,  on  the  vomer  and  the 
palatine  bones. 

Elacate  nigra,  a  coast  fish  common  in  the  warmer  parts  of 

the  Atlantic  and  the  Indian  Ocean. 

EcHENEis. — The  spinous  dorsal  fin  is  modified  into  an  adhesive 
disk,  occupying  the  upper  side  of  the  head  and  neck. 

This  genus  is  closely  allied  to  the  preceding,  from  which 
it  differs  only  by  the  transformation  of  the  spinous  dorsal 
fin  into  a  sucking  organ.  The  spines  being  composed  of  two 
halves,  each  half  is  bent  down  towards  the  right  and  the  left, 
forming  a  support  to  a  double  series  of  transverse  lamellse, 
rough  on  their  edges,  the  whole  disk  being  of  an  oval  shape 
and  surrounded  by  a  membranous  fringe.  Each  pair  of  lamellse 
is  formed  out  of  one  spine,  which,  as  usual,  is  supported  at 
the  base  by  an  intemeural  spine.  By  means  of  this  disk  the 
**  Sucking-fishes  "  or  "  Suckers  "  are  enabled  to  attach  them- 
selves to  any  flat  surface,  a  series  of  vacuums  being  created 
by  the  erection  of  the  usually  recumbent  lamellae.  The  ad- 
hesion is  so  strong  that  the  fish  can  only  be  dislodged  with  diffi- 
culty, unless  it  is  pushed  forward  by  a  sliding  motion.  The 
Suckers  attach  themselves  to  sharks,  turtles,  ships,  or  any 
other  object  which  serves  their  purpose.  They  cannot  be 
regarded  as  parasites,  inasmuch  as  they  obtain  their  food 
independently  of  their  host.  Being  bad  swinmiers  they 
allow  themselves  to  be  carried  about  by  other  animals 
or  vessels  endowed  with  a  greater  power  of  locomotion. 
They  were  as  well  known  to  the  ancients  as  they  are  to 
the  modem  navigators.  Aristotle  and  AeUan  mention  the 
Sucker  under  the  name  of  (\>0elp,  or  the  Louse ;  "  In  the  sea 
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between  Cyrene  and  Egjrpt  there  is  a  fish  about  the  Dolphin 
(Delphimts),  which  they  call  the  Louse;  this  becomes  the 
fattest  of  all  fishes,  because  it  partakes  of  the  plentiful  supply 
of  food  captured  by  the  Dolphin."  Later  writers,  then,  repeat 
a  story,  the  source  of  which  is  unknown,  viz.  that  the 
"  Eemora  "  is  able  to  arrest  vessels  in  their  course,  a  story 
which  has  been  handed  down  to  our  own  time.  It  need  not 
be  stated  that  this  is  an  invention,  though  it  cannot  be  denied 
that  the  attachment  of  one  of  the  larger  species  may  retard 
the  progress  of  a  sailing  vessel,  especially  when,  as  is  some- 
times the  case,  several  individuals  accompany  the  same  ship. 
An  account  of  a  somewhat  ingenuous  way  of  catching 
sleeping  turtles  by  means  of  a  Sucking-fish  held  by  a  ring 
fastened  round  its  tail,  appears  to  have  originated  rather  from 
an  experiment  than  from  regular  practice. 

Ten  different  species  are  known,  of  which  Echmeis  remora 
and  Echeneis  naucrates  are  the  most  common.  The  former  is 
short  and  grows  to  a  length  of  eight  inches  only,  the  latter  is 
a  slender  fish,  not  rarely  found  three  feet  long.  The  bulkiest 
is  Echeneis  scutata,  which  attains  to  a  length  of  two  feet ; 
individuals  of  that  size  weighing  about  eight  lbs. 

The  number  of  pairs  of  lamellae  varies  in  the  various 
species,  from  12  to  27.  The  caudal  fin  of  some  of  the  species 
undergoes  great  changes  with  age.  In  young  specimens 
the  middle  portion  of  the  fin  is  produced  into  a  long 
filiform  lobe.  This  lobe  becomes  gradually  shorter,  and  the 
fin  shows  a  rounded  margin  in  individuals  of  middle  age. 
When  the  fish  approaches  the  mature  state,  the  upper  and 
lower  lobes  are  produced,  and  the  fin  becomes  subcrescentic 
or  forked. 

[See  Giinther,   "On  the  History  of  Echeneis."    Ann.  and  Mag.  Nat. 
Hist,  I860.] 
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Eighth  Family. — TRACHixiDiE. 

Body  elongate,  low,  naked  or  covered  with  scales.  Teeth 
small,  conical.  No  bony  stay  for  the  pi^ccaperculum.  One  or 
two  dorsal  fins,  the  spinous  portion  heing  always  shorter  and 
much  less  developed  than  the  soft ;  the  anal  similarly  developed 
as  the  soft  dorsal ;  no  firdcts,  Ventrals  with  one  spine  and  five 
rays.  Gill-opening  more  or  less  vndc.  Ten  or  more  than  ten 
abdofninal,  and  more  than  fourteen  caudal  vertebrae. 

Carnivorous  coast-fishes  of  small  size,  found  in  every 
quarter  of  the  globe,  but  scarcely  represented  in  the  Arctic 
zone  (Trichodon) ;  on  the  other  hand,  they  are  rather  numer- 
ous towards  the  Antarctic  circle.  All  are  bad  swimmers, 
generally  moving  along  the  bottom  in  small  depths.  Only 
one  genus  (Bathydraco)  is  known  from  the  deep-sea. 

A  genus  which  shows  the  principal  characters  of  this 
family  (Callipteryx),  has  been  found  in  the  tertiary  deposits 
of  Monte  Bolca ;  it  is  scaleless.  A  second  genus,  Trachinops^is, 
has  been  recently  described  by  Sauvage  from  the  Upper 
Tertiary  of  Lorca  in  Spain ;  and  a  third  {Pseudoeleginus)  from 
the  Miocene  of  Licata. 

This  family  may  be  subdivided  into  five  groups  : — 

1.  In  the  Uranoscopina  the  eyes  are  on  the  upper  surface  of 
the  head,  directed  upwards ;  the  lateral  line  is  continuous. 

Uranoscopus.  —  Head  large,  broad,  thick,  partly  covered 
with  bony  plates ;  cleft  of  the  mouth  vertical.  Scales  very  small. 
Two  dorsal  fins,  the  first  with  from  three  to  five  spines  ;  ventrals 
jugular ;  pectoral  rays  branched.  Villiform  teeth  in  the  jaws, 
on  the  vomer  and  palatine  bones ;  no  canines.  Grenerally  a 
long  filament  below  and  before  the  tongue.     Gill-cover  armed. 

The  position  of  the  eyes  on  the  upper  surface  of  the  head, 

which  these  fishes  have  in  common  with  many  others,  is  well 

expressed  by  the  name  Uranoscopus  (Stare-gazer).    Their  eyes 

are  very  small,  and  can  be  raised  or  depressed  at  the  wiU  of 
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the  fish.  They  are  inactive  fishes,  generally  lying  hidden  at 
the  bottom  between  atones,  watching  for  their  prey.  The 
delicate  filament  attached  to  the  bottom  of  their  mouth,  and 
playing  in  front  of  it  in  the  current  of  water  which  passes 
through  the  mouth,  serves  to  lure  small  animals  within  reach 
of  the  fisK  Eleven  species  are  known  from  the  Indo-Pacific 
and  Atlantic,  and  one  ( XT.  scaler)  from  the  Mediterranean ; 
they  attain  rarely  a  length  of  twelve  inches. 

Leptoscopus. — Form  of  thehead  as  in  E/ra«o«opi«,butentireIy 
covered  with  a  thin  Bkin.  Scales  small,  cycloid.  One  continuous 
dorsal ;  veotrals  jugular ;  pectoral  rays  branched.  Villiform 
teeth  in  both  jaws,  on  the  vomer  and  palatine  bones ;  c 
none.     No  oral  filament.     Gill-cover  unarmed. 


Fig.  206.— LeptoBcopnB  mMropygiw. 

Leptoscopus  maa-opygus,  not  rare  on  the  coast  of  New 
Zealand. 

Other  genera  of  Stare-gazeis  are  Agnus  from  the  Atlantic 
coasts  of  North  America;  Anema  from  the  Indian  Ocean  and 
New  Zealand ;  and  Katluiostoma  from  Australia  and  New 
Zealand. 

2.  In  the  Trachinina  the  eyes  are  more  or  less  lateral ;  the 
lateral  line  is  continuous ;  and  the  intermaxillary  without  a 
larger  tooth  on  its  posterior  portion. 

Trachisus. — Cleft  of  the  mouth  very  oblique  ;  eye  lateral, 
but  directed  upwards.  Scales  very  small,  cycloid.  Two  dorsal 
fins,  the  first  short,  with  six  or  seven  spines ;  ventrals  jugular ; 
the  lower  pectoral  rays  simple.  Villiform  teeth  in  the  jaws,  on 
the  vomer  and  palatine  bones.  Frteorbital  and  preeoperculum 
armed. 
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The  "  Weevers "  are  common  fishes  on  the  European 
coasts,  and  but  too  well  known  to  all  fishermen ;  singularly 
enough  they  do  not  extend  across  the  Atlantic  to  the 
American  coast,  but  reappear  on  the  coast  of  Chili !  Wounds 
by  their  dorsal  and  opercular  spines  are  much  dreaded,  being 
extremely  painful,  and  sometimes  causing  violent  inflamma- 
tion of  the  wounded  part.  No  special  poison-organ  has  been 
found  in  these  fishes,  but  there  is  no  doubt  that  the  mucous 
secretion  in  the  vicinity  of  the  spines  has  poisonous  properties. 
The  dorsal  spines  as  well  as  the  opercular  spine  have  a  deep 
double  groove  in  which  the  poisonous  fluid  is  lodged,  and  by 
which  it  is  inoculated  in  the  punctured  wound.  On  the 
British  coasts  two  species  occur,  T,  draco,  the  Greater  Weever, 
attaining  to  a  length  of  twelve  inches,  and  T,  vipera,  the 
Lesser  Weever,  which  grows  only  to  half  that  size. 

Champsodon. — Body  covered  with  minute  granular  scales ; 
lateral  lines  two,  with  numerous  vertical  branches.  Cleft  of  the 
mouth  wide,  oblique.  Eye  lateral,  but  directed  upwards.  Two 
dorsal  fins ;  ventral  fins  jugular ;  pectoral  rays  branched.  Teeth 
in  the  jaws  in  a  single  series,  thin,  long,  of  unequal  size.  Teeth 
on  the  vomer,  none  on  the  palate.  Gill-openings  exceedingly 
wide.  Prseoperculum  with  a  spine  at  the  angle  and  a  fine  serra- 
ture  on  the  posterior  margin. 

Champsodon  vorax  is  not  uncommon  at  small  depths  off 

the  Philippine  Islands,  Admiralty  Islands,  and  in  the  Arafura 

Sea. 

Percis. — Body  cylindrical,  with  small  ctenoid  scales  ;  cleft 
of  the  mouth  sUghtly  oblique ;  eye  lateral,  but  directed  upwards. 
Dorsal  fins  more  or  less  continuous,  the  spinous  with  four  or  five 
short  stiff  spines  ;  ventrals  a  little  before  the  pectorals.  Villi- 
form  teeth  in  the  jaws,  with  the  addition  of  canines  ;  teetli  on 
the  vomer,  none  on  the  palatines.     Opercles  feebly  armed. 

Fifteen  species ;  small,  but  prettily  coloured  shore-fishes 

of  the  Indo-Pacific. 

SiLLAGO. — Body  covered  with  rather  small,  ctenoid  scales. 
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Cleft  of  the  mouth  amaU,  with  the  upper  jaw  nthet  longer ;  eye 
lateral,  large.  Two  dorsale,  the  first  with  from  nine  to  twelve 
spines ;  ventrals  thoracic.  Villiform  teeth  in  the  jaws,  and  on 
the  vomer,  none  on  the  palatine  bones.  Operculum  unarmed ; 
pneoperculum  serrated.  The  bones  of  the  head  witJi  wide 
muciferous  channels. 

Eight  species ;  small,  plain-coloured  shore-fishea,  comiuou 
in  the  Indian  Ocean  to  the  coasts  of  Australia. 

BovicHTHTS. — Head  broad  and  thick ;  cleft  of  the  mouth 
horizontal,  with  the  upper  jaw  rather  longer ;  eye  lateral,  more 
or  less  directed  upwards.  Scales  none.  Two  separat*  dorsal 
fins,  the  first  with  eight  spines;  ventrals  jugular;  the  lower 
])ectoral  rays  simple.  Villiform  teeth  in  the  jaws,  on  the  vomer 
and  the  palatine  hones ;  no  canines.  Operculum  with  a  strong 
spine  ;  pneorbital  and  preeoperculum  not  armed. 

Tluree  species  are  known  from  the  South  Pacific. 


Fig.  207.— Head  of  Boviehthys  mriegBtua,  from  Kew  Z««l«nd. 

BATHYDiiACO. — Body  elongate,aub-cyIindricaI;  head  depressed, 
with  the  snout  much  elongate,  spatulate  ;  mouth  wide,  hoiizon- 
tal,  with  the  lower  jaw  prominent ;  eyes  very  large,  lateral, 
close  together.  Scales  very  small,  unbedded  in  the  skin.  Lateral 
line  wide,  continuous.     One  dorsal  fin;   ventrals  jugular;  the 
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lower  pectoral  rays  branched.  Teeth  in  the  jaws  in  villiform 
bands ;  none  on  the  vomer  or  the  palatine  bones.  Opercles 
unarmed ;  ten  branchiostegals ;  the  gill-membranes  free  from  the 
isthmus,  and  but  slightly  united  in  front     Air-bladder  none. 

A  deep-sea  fish,  found  at  a  depth  of  1260  fathoms  in  the 

Antarctic  Ocean  (south  of  Heard  Island). 

CHiENiCHTHYS. — Head  very  large,  with  the  snout  spatulate,and 
with  the  cleft  of  the  mouth  very  wide.  Eye  lateral.  Scales 
none;  lateral  line  sometimes  with  granulated  scutes.  Two* 
dorsals,  the  first  with  seven  spines ;  ventrals  jugular.  Jaws  with 
rasp-like  teeth ;  palate  toothless. 

CJuJcnichihys  rhinoceratus  from  Kerguelen's  Land  (see  Fig. 
108,  p.  291) ;  and  Ch.  esox  from  the  Straits  of  Magelhaen. 

Other  genera  belonging  to  this  group  are  Aphritts,  Acan- 
thaphritis,  Uleginus,  Chccnichthys,  and  ChimurrhicJUhys  from 
the  South  Pacific  and  Antarctic  zone ;  Cottoperca  fit)m  the 
west  coast  of  Patagonia ;  Percophis  from  the  coast  of  Southern 
Brazil ;  and  Trichodon  from  the  coast  of  Kamtschatka, 

3.  In  the  Pinguipedina  the  body  is  covered  with  small  scales ; 
the  eye  lateral ;  the  lateral  line  continuous ;  and  the  inter- 
maxillary is  armed  with  a  larger  tooth  on  its  posterior  portion, 
as  in  many  Labroids. 

Two  genera,  Pinguipes  and  Zatilus,  from  various  parts  of 

tropical  and  sub-tropical  seas,  belong  to  this  group. 

4.  In  the  Pseudochromides,  the  lateral  line  is  interrupted  or 
not  continued  to  the  caudal  fin ;  they  have  one  continuous 
dorsal  only. 

These  fishes   are  inhabitants  of  coral  reefs   or   coasts: 

OpisthogiiathuSy  Psevdochromis,  Cichlops,  and  Pseudoplesiops. 

5.  In  the  Nototheniina  the  lateral  line  is  interrupted ;  and 
the  dorsal  fin  consists  of  two  separate  portions. 

They  (with  others)  represent  in  the  Antarctic  zone  the 

Cottoids  of  the  Northern  Hemisphere  :    they  have  the  same 

habits  as  their  northern  analogues.     In  Notothenia,  which  on 
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the  southern  extremity  of  South  America,  m  New  Zealand, 
Kerguelen's  Land,  etc.,  is  represented  by  about  twenty  species, 
the  body  is  covered  with  ctenoid  scales,  and  the  bones  of  the 
head  are  unarmed ;  whilst  Harpagifer,  a  small  species  with 
a  similar  range  as  Notoihenia,  has  the  body  naked,  and  the 
operculum  and  sub-operculum  armed  with  long  and  strong 
spines. 

Ninth  Family — MALACANTHiDiE. 

Body  elongate,  tvith  very  small  scales;  mouth  with  thick 
lips  ;  a  strong  tooth  posteriorly  on  the  intermaxillary.  Dorsal 
and  anal  fins  very  lon^,  the  former  with  a  few  simple  rays 
anteriorly ;  ventrals  thoracic,  loith  one  spine  and  five  rays. 
Gill-opening  ividc,  with  the  gill-membrane  united  belotv  the 
throat.     Ten  abdominal  and  fourteen  caudal  verteirce. 

One  genus  only,  Malacunthus,  with  three  species  from 
tropical  seas. 

Tenth  Family — BATRACHiDiE. 

Head  broad  and  thick ;  body  elongate,  compressed  behind ; 
skin  naked  or  with  small  scaler.  No  bony  stay  for  the  prx- 
operculum.  Teeth  conical,  small  or  of  moderate  size.  The 
spinous  dorsal  consists  of  two  or  three  spines  only  ;  the  soft  and 
the  anal  lon/j.  Venirals  jugular,  with  tioo  soft  rays  ;  peetorcUs 
not  pediculated.  Grill-opening  a  more  or  less  vertical  slit  before 
the  pectoral,  rather  narrota. 

Carnivorous  fishes,  of  small  size,  living  on  the  bottom  of 
the  sea  near  the  coast  in  the  tropical  zone,  some  species 
advancing  into  the  warmer  parts  of  the  temperate  zones. 

Batrachus. — The  spinous  dorsal  is  formed  by  three  stout 
spines.  Gill-covers  armed  with  spines.  Circumference  of  the 
mouth  and  other  parts  of  the  head  frequently  provided  with 
small  skinny  tentacles. 

Some  of  the  fishes  of  this  genus  possess  a  subcutaneous 
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spacious  cavity  behind  the  base  of  the  pectoral  fin,  the  inside 
of  which  is  coated  with  a  reticulated  mucous  membrane.  It 
opens  by  a  foramen  in  the  upper  part  of  the  axil.  ^This 
apparatus  is  the  same  which  is  found  in  many  Siluroid  fishes, 
and  which  has  been  noticed  above,  p.  192.  There  cannot  be 
any  doubt  that  it  is  a  secretory  organ,  but  whether  the 
secretion  has  any  poisonous  properties,  as  in  the  Siluroids,  or 
as  in  Thalassophryne,  has  not  been  determined.  No  instance 
of  poisonous  wounds  having  been  inflicted  by  these  fishes  is 
on  record.  Twelve  species  are  known,  the  distribution  of 
which  coincides  with  that  of  the  family ;  one  very  fine  species, 
B.  didactylus,  occurs  in  the  Mediterranean. 

Thalassophryne. — The  spinous  dorsal  is  formed  by  two 
spines  only,  each  of  which  is  hollow,  like  the  opercular  spine,  and 
conveys  the  contents  of  a  poison-bag  situated  at  its  base.  Canine 
teeth  none. 

Two  species  are  known  from  the  Atlantic  and  Pacific 
coasts  of  Central  America.  The  poison-apparatus  is  more 
perfectly  developed  than  any  other  known  at  present  in  the 
class  of  fishes ;  it  has  been  described  Vbove,  p.^  192.     The 


Fig.  208. — Thalassophryne  reticulata. 

species  figured,  Hi.  reticulata,  is  not  uncommon  at  Panama, 
and  attains  to  a  length  of  fifteen  inches. 

PORICHTHYS. — Two  Small  dorsal  spines;  a  canine  tooth  on 
each  side  of  the  vomer. 

Two  species,  from  the  Atlantic  and  Pacific  sides  of  Central 
and  South  America. 
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Eleventh  Family — PsYCHROLunDiE. 

Body  rather  elongate^  naked  ;  head  broad.  Spinous  dorsal 
separate  or  absent.  Ventral  Jins  close  together^  thoracic,  com- 
posed of  a  few  rays.  Teeth  small.  Three  gills  and  a  half; 
psevdobranchio!  well  developed;  gill-openings  of  moderate  vndth, 
the  gill-membranes  being  attached  to  the  isthmus. 

Of  this  family  only  two  representatives  are  known,  viz. 
Psychrolutes  paradoxus,  from  Vancouver's  Islands,  without 
first  dorsal  fin ;  and  Neophrynickthys  latus,  from  New  Zealand, 
with  two  dorsal  fins.    Both  are  very  scarce  marine  fishes. 

Twelfth  Family — Pediculatl 

Head  and  anterior  part  of  the  body  very  large,  loith^out 
scales.  No  bony  stay  for  the  pra^opercvlum.  Teeth  vUliform 
or  rasp-like.  The  spinous  dorsal  is  advanced  forwards,  com- 
posed  of  a  few  more  or  less  isolated  spines,  often  transformM 
into  te^Uacles;  or  entirely  aisent  Ventral  fins  jugular,  with 
four  or  Jive  soft  rays,  sometimes  aisent.  The  carpal  bones  are 
prolonged,  forming  a  sort  of  arm,  termin/zting  in  the  pectoral. 
Gill-opening  redu>ced  to  a  smxill  foramen,  situated  in  or  near 
the  axil.  Gills  two  and  a  half,  or  three,  or  three  and  a  half; 
pseudobranchice  generally  absent. 

This  family  contains  a  larger  number  of  bizarre  forms 
than  any  other;  and  there  is,  perhaps,  none  in  which  the 
singular  organisation  of  the  fish  is  more  distinctly  seen  to  be  in 
consonance  with  its  habits.  Pediculates  are  found  in  all  seas. 
The  habits  of  all  are  equally  sluggish  and  inactive ;  they  are 
very  bad  swimmers ;  those  found  near  the  coasts  lie  on  the 
bottom  of  the  sea,  holding  on  with  their  arm-like  pectoral 
fins  by  sea- weed  or  stones,  between  which  they  are  hidden ; 
those  of  pelagic  habits  attach  themselves  to  floating  sea- weed 
or  other  objects,  and  are  at  the  mercy  of  wind  and  current.    A 
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large  proportion  of  the  genera,  tlierefore,  have  gradually  found 
their  way  to  the  greatest  depths  of  the  ocean ;  retaining  all 
the  characteristics  of  their  surface-ancestors,  but  assuming  the 
modifications  by  which  they  are  enabled  to  live  in  abyssal 
depths. 

LoPHIUS. — Head  exceedingly  large,  broad,  depressed,  with  the 
eyes  on  its  upper  surface  ;  cleft  of  the  mouth  very  vide.  Jaws 
and  palate  armed  with  rasp-like  depressible  teeth  of  unequal 
size.  Body  naked ;  bones  of  the  head  armed  with  numerous 
spiaes.  The  three  anterior  dorsal  spines  are  isolated,  situated 
on  the  head,  and  modified  into  long  tentacles ;  the  three  follow- 
ing spines  form  a  continuous  fin ;  the  soft  dorsal  and  anal 
short.  Gills  three.  Young  individuals  have  the  tentacles  beset 
with  lappets,  and  most  of  the  fin-rays  prolonged  into  filaments. 

These  fishes  are  well  known  under  the  names  "  Fishing- 
Frog."  "Frog-fishes,"  "Anglers,"  or  "Sea-devils."  They  are 
coast-fishes,  living  at  very  small  depths.  Four  species  are 
known :  the  British  species  (L.  piscatorius)  found  all  round 
the  coasts  of  Europe  and  Western  North  America,  and  on  the 
Cape  of  Good  Hope;    a  second  (Mediterranean)  species,  L. 


Fig.  208.— Lophiua  piacatoi 


hvdegassa ;    L.   setigerus   from    China   and   Japan ;    and   X. 
■naresii  from  the  Admiralty  Islands. 

The  habits  of  all  these  species  are  identical.     The  wide 
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mouth  extends  all  round  the  anterior  circumference  of  the 
head,  and  both  jaws  are  armed  with  banda  of  long  pointed 


Fig.  210. — A  foung  Fiahiog-Frog.  ■ 

teeth,  which  are  inclined  inwards,  and  can  he  depressed  so 
as  to  offer  no  impediment  to  an  object  gliding  towards  the 
stomach,  but  prevent  its  escape  from  the  mouth.  The  pec- 
toral and  ventral  fins  are  so  articulated  as  to  perform  the 
functions  of  teeth,  the  fish  being  enabled  to  move,  or  rather 
to  walk,  on  the  bottom  of  the  sea,  where  it  generally  bides 
itself  in  the  sand,  or  amongst  sea-weed.  All  round  its  head, 
and  also  along  the  body,  the  skin  bears  fringed  appendages, 
resembling  short  fronds  of  sea-weed ;  a  stmcture  which, 
combined  with  the  extraordinary  faculty  of  assimilating  the 
colours  of  the  body  to  its  surroundings,  assists  this  fish 
greatly  in  concealing  itself  in  places  which  it  selects  on 
account  of  the  abundance  of  prey.  To  render  the  organisa- 
tion of  these  creatures  perfect  in  relation  to  their  wants,  they 


472  FISHES. 

are  provided  with  three  long  filaments  inserted  along  the 
middle  of  the  head,  which  are,  in  fact,  the  detached  and 
modified  three  first  spines  of  the  anterior  dorsal  fin.  The 
filaments  most  important  in  the  economy  of  the  fishing-fixigs 
is  the'first,  which  is  the  longest,  terminates  in  a  lappet,  and 
is  movable  in  every  direction.  There  is  no  doubt  that  the 
Fishing-frog,  like  many  other  fish  provided  with  similar 
appendages,  plays  with  this  filament  as  with  a  bait,  attract- 
ing fishes,  which,  when  sufficiently  near,  are  ingulfed  by  the 
simple  act  of  the  Fishing-frog  opening  its  gape.  Its  stomach 
is  distensible  in  an  extraordinary  degree,  and  not  rarely  fishes 
have  been  taken  out  of  it  quite  as  large  and  heavy  as  their 
destroyer.  The  British  species  grows  to  a  length  of  more 
than  five  feet ;  specimens  of  three  feet  are  common.  Baird 
records  that  the  spawn  of  the  same  species  has  been  observed 
as  a  floating  sheet  of  mucus,  of  from  some  60  to  100  square  feet 

Ceratias. — Head  and  body  much  compressed  and  elevated  ; 
cleft  of  the  mouth  wide,  subvertical.  Eyes  very  small.  Teeth 
in  the  jaws  rasp-like,  depressible ;  palate  toothless.  Skin  covered 
with  numerous  prickles.  The  spinous  dorsal  is  reduced  to  two 
long  isolated  spines,  the  first  on  the  middle  of  the  head,  the 
second  on  the  back.  The  soft  dorsal  and  anal  short ;  caudal 
very  long.  Ventrals  none ;  pectorals  very  short  Two  and  a 
half  gills.     Skeleton  soft  and  fibrous. 

Ceratias  holholli,  a  deep-sea  fish;  only  a  few  examples 
have  been  found  near  the  coast  of  Greenland,  and  from  the 
mid- Atlantic ;  the  latter  at  a  depth  of  2400  fathoms.  Deep 
black. 

HniANTOLOPHlJS. — Head  and  body  compressed  and  elevated ; 
cleft  of  the  mouth  wide,  oblique.  Eyes  very  small.  Teeth  of 
the  jaws  rasp-like,  depressible;  palate  toothless.  Skin  with 
scattered  conical  tubercles.  The  spinous  dorsal  is  reduced  to  a 
single  tentacle  on  the  head.  The  soft  dorsal,  anal,  caudal,  and 
pectoral  short  Ventrals  none.  Three  and  a  half  gills.  Skele- 
ton soft  and  fibrous. 
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TMa  is  another  deep-sea  form,  hitherto  found  in  very  few 
examples  in  the  Arctic  and  Mid- Atlantic  Oceans.  The 
single  tentacle  is  heaet  with  many  long  filaments  at  its 
extremity,  thus  answering  the  same  purpose  which  is  attAined 
by  a  greater  number  of  tentacles.     Deep  black. 

Melanocbtus, — Head  and  body  compressed;  head  very  large; 
cleft  of  the  mouth  exceedingly  wide,  vertical.     Eyes  very  smaU. 


Teeth  of  the  jaws  and  vomer  rasp-like,  depresaible.  Skin  smooth. 
The  spinous  dorsal  is  reduced  to  a  single  filament  placed  on  the 
head.     The  soft  dorsal  and  anal  short.     Ventrals  none. 

Two  species  are  known  from  the  Atlantic :  M.  biapinosms 
and  M.  johnmiii,  obtained  at  depths  of  from  360  to  1800 
fathoms.  The  specimen  figured  was  not  quite  four  inches 
long,  and  contained  in  its  stomach,  rolled  up  spirally  into  a 
ball,  a  Scopeline  fish  which  measured  7^  inches  in  length 
and  one  inch  in  depth. 

O.sEiRODES. — A  deep-sea  fish  firom  the  Arctic  Ocean,  differing 
from  the  preceding  in  possessing  a  second  isolated  dorsal  ray 
on  the  back. 

Antennarics. — Head  very  large,  high,  compressed ;  cleft  of 
the  mouth  vertical  or  sub-vertical,  of  moderate  width.  Jaws 
and  paUte  armed  with  rasp-like  teeth.     Eye  small.     Body  naked 
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or  covered  with  minute  spines ;  generally  with  tentacles.  The 
spinous  dorsal  is  reduced  to  three  isolated  spines,  the  anterior 
of  which  is  modified  into  a  tentacle,  situated  above  the  snoat. 
The  soft  dorsal  of  moderate  length ;  anal  short.  Ventrals 
present 

The  fishes  of  this  genus  are  pelagic,  frequently  met  with  in 
mid-ocean  between  the  tropics,  especiaUy  in  parts  of  the  sea 
with  floating  vegetation ;  not  rarely  individuals  are  found  far 
from  their  native  latitudes,  carried  by  currents  to  the  coasts 
of  Norway  and  New  Zealand.  Their  power  of  swimming  is 
most  imperfect.  When  near  the  coast  they  conceal  them- 
selves between  corals,  stones,  or  fucus,  holding  on  to  the 
ground  by  means  of  their  arm -like  pectoral  fins.  Their 
coloration  is  so  similar  to  their  surroundings  that  it  is  hardly 
possible  to  distinguish  the  fish  from  a  stone  or  coral  over- 
grown with  vegetation.  Their  way  of  attracting  and  seizing 
their  prey  is  evidently  the  same  as  in  the  other  fishes  of  this 
family.  The  extraordinary  range  of  some  of  the  species  which 
inhabit  the  Atlantic  as  well  as  the  Indo- Pacific  Oceans,  is  the 
consequence  of  their  habit  of  attaching  themselves  to  floating 
objects.  Almost  all  the  species  are  highly  coloured,  but  the 
pattern  of  the  various  colours  varies  exceedingly.  These 
fishes  do  not  attain  to  any  considerable  size,  and  probably 
never  exceed  a  length  of  ten  inches.  A  great  number  of 
species  have  been  distinguished  by  ichthyologists,  but  pro- 
bably not  more  than  twenty  are  known  at  present.  The 
species  figured  on  p.  295  (A,  caudomaculattis)  is  common 
in  the  Red  Sea,  and  probably  occurs  in  other  parts  of  the 
Indian  Ocean. 

BrachioiiiclUhys  and  Saccaritis  are  allied  genera  from  South 
Australia,  Tasmania,  and  New  Zealand. 

Chaunax. — Head  very  large,  depressed ;  cleft  of  the  mouth 
wide,  sub-vertical;  eye  small;  rasp-like  teeth  in  the  jaws  and 
palate.     Skin  covered  with  minute  spines.     The  spinous  dorsal 
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is  reduced  to  a  small  tentacle  above  the  snout ;  the  soft  dorsal 
of  moderate  length ;  anal  short ;  ventrals  present. 

A  deep-sea   fish  (CA.  pieties),  of  luiiform   pink  colour; 

hitherto  found  near  Madeira  and  the  Fidji  Islands,  at  a  depth 

of  215  fathoms. 

Malthe. — Anterior  portion  of  the  body  very  broad  and 
depressed.  The  anterior  part  of  the  snout  is  produced  into  a 
more  or  less  prominent  process,  beneath  which  there  is  a  tentacle 
retractile  into  a  cavity.  Jaws  and  palate  with  villiform  teeth. 
Skin  with  numerous  conical  protuberances.  Soft  dorsal  fin  and 
anal  very  short.  Gill-opening  superiorly  in  the  axil ;  gills  two 
and  a  hal£ 

Although  the  rostral  tentacle  is  situated  at  the  lower  side 
of  the  projection  of  the  snout,  it  must  be  regarded  as  the 
homologue  of  a  dorsal  spine.  In  some  of  the  preceding 
genera,  Oneirodes  and  Cliaunax,  the  first  dorsal  spine  is  so  far 
advanced  on  the  snout  as  to  come  into  connection  with  the 
intermaxillary  processes;  and  the  position  of  the  rostral 
tentacle  in  Malthe  is  only  a  still  more  advanced  step  towards 
the  same  special  purpose  for  wliich  the  first  dorsal  spine  is  used 
in  this  family,  viz.  for  the  purpose  of  obtaining  food.  In 
Malthe  it  is  obviously  an  organ  of  touch.  This  genus  belongs 
to  the  American  shores  of  the  Atlantic ;  M,  vespertUio  being 
a  ti-opical,  M,  cficbifrons  a  northern  species. 

HALiEUTiEA. — Head  exceedingly  large,  depressed,  nearly  circular 
in  its  circumference.  Cleft  of  the  mouth  wide,  horizontal.  Jaws 
with  small  rasp-like  teeth ;  palate  smooth.  Forehead  with  a 
transverse  bony  bridge,  beneath  which  is  a  tentacle  (rostral  spine) 
retractile  into  a  cavity.  Body  and  head  covered  with  small 
stellate  spines.  Soft  dorsal  and  anal  very  short  GUI-opening 
superiorly  in  the  axil ;  gills  two  and  a  half. 

A  coast-fish  {H,  stellata)  from  China  and  Japan.  Frequently 
found  dry  in  Chinese  insect-boxes. 

This  genus  appears  to  be  represented  in  the  Atlantic 
Ocean   by  Halieutichthys  from   Cuba,   and   by  Dibranchtcs, 
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dredged  at  a  depth  of  360  fathoms  ofif  the  coast  of  West 
Africa;  the  latter  genus  possesses  two  gills  only.  Another 
genus,  covered  with  large  scattered  tubercles,  AegcBonichthys, 
has  recently  been  described  from  New  Zealand. 


Thirteenth  Family — Cottid.^. 

Form  of  the  lody  oblong,  sub-cylindricaL  Cleft  of  the 
mouth  lateral.  Dentition  feeble,  generally  in  villifarm  bands. 
Some  bones  of  the  head  are  armed  ;  arid  a  bony  stay  connects 
the  prceopercular  spine  with  the  infraorbital  ring.  Ttoo  dorsal 
Jins  (rarely  one),  the  spinoris  being  less  developed  than  the  soft 
and  than  tJie  anal,  Ventrals  thoracic,  loith  five  or  less  soft 
rays. 

The  fishes  of  this  family  are  of  small  size,  bad  swimmers, 
and  generally  living  on  the  bottom,  near  the  coasts,  of  almost 
all  the  arctic,  temperate,  and  tropical  seas.  Only  a  few  live 
in  fresh  water.  They  prefer  shallow  to  deep  water ;  and  there 
is  only  one  instance  known  of  a  member  of  this  family  living 
at  a  great  depth,  viz.  Coitus  bathybiiis  from  the  Japanese  sea, 
which  is  stated  to  have  been  dredged  in  a  depth  of  565 
fathoms.  Fossil  representatives  are  few  in  number :  two  or 
three  species  of  Trigla ;  others,  although  having  a  general 
resemblance  to  the  genus  Cottus,  were  covered  with  ctenoid 
scales,  and  therefore  are  referred  to  a  distinct  genus,  Lepido- 
cottus  ;  they  are  from  tertiary  formations. 

CJoTTUa — Head  broarl,  depressed,  rounded  in  front ;  body  sub- 
cylindrical,  compressed  posteriorly.  Scaleless;  lateral  line  pre- 
sent. Pectoral  rounded,  with  some  or  all  the  rays  simple.  Jaws 
and  vomer  with  villiform  teeth  ;  palatine  teeth  none. 

The  "  Bull-heads  "  or  "  Miller's  Thumbs  "  are  small  fishes 

from  the  shores  and  fresh  waters  of  the  northern  temperate 

zone.     Some  forty  species  are  known ;  the  greater  number 
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live  in  the  northern  half  of  the  temperate  zone.  On  the 
shore,  as  well  as  in  rivers,  they  prefer  rocky  or  stony  to 
muddy  ground,  lying  concealed  between  the  stones,  and 
watching  for  their  prey,  which  consists  of  small  crustaceans 
and  other  aquatic  animals.  The  common  British  Miller's 
Thumb  {C,  gobio)  is  found  in  almost  all  suitable  fresh  waters 
of  Northern  and  Central  Europe,  especially  in  small  streams, 
and  extends  into  Northern  Asia.  Other  freshwater  species 
abound  in  North  America  and  Northern  Asia.  Coitus 
scorpius  and  C,  bubalis,  the  common  European  marine  species, 
range  across  the  Atlantic  to  the  American  coasts.  The  male 
is  said  to  construct  a  nest,  for  the  reception  of  the  spawn,  of 
sea-weeds  and  stones,  and  to  anxiously  watch  and  defend 
his  offspring.  The  spine  at  the  angle  of  the  pneoperculum, 
which  is  simple  in  the  majority  of  the  freshwater  species,  is 
frequently  armed  with  accessory  processes,  and  antler-like, 
in  marine. 

Cantridermichthys  differs  from  Cottus  in  having  teeth  on  the 
palatine  bones. 

Eleven  species  are  known,  distributed  like  Cottus,  but 

absent  in  Europe  and  North-western  Asia. 

ICELUS. — Head  large,  armed  at  the  gill -covers  and  on  the 
neck ;  body  with  a  dorsal  series  of  bony  plates  from  the  neck  to 
the  base  of  the  caudal ;  lateral  line  with  osseous  tubercles ; 
scattered  scales  on  the  sides  and  abdomen.  Ventrals  thoracic, 
with  less  than  five  rays.  No  pectoral  filaments.  Villiform  teeth 
in  the  jaws,  on  the  vomer  and  palatine  bones. 

Eepresents  Cottus  in  the  far  north ;  /.  hamatus  is  common 
in  Spitzbergen  and  Greenland,  and  has  been  found  in  abun- 
dance in  lat.  Sr  44'. 

Platycephalus. — Head  broad,  much  depressed,  more  or  less 
armed  with  spines;  body  depressed  behind  the  head,  sub- 
cylindrical  towards  the  tail,  covered  with  ctenoid  scales.  Two 
dorsal  fins ;  the  first  spine  isolated  from  the  others.     Ventrals 


thoracic,  but  rather  remote   from   the  base  of  the  pectoraU 
Villiform  teeth  in  the  jaws,  on  the  vomer  and  palatine  bones. 


Fig.  212. — PUt^ephaluB  cirrhonasuii,  from  Port  Jacksoii. 
About  forty  species  are  known,  of  which  some  attain  a 
length   of  two  feet.      This    geDus 
represents  in   the   tropical   Indian 
I   Ocean  the  Cotti  of  tlie  Arctic,  and 
'  the  Notolhenim   of  the    Antarctic 
zone.    Like  these,  they  live  on  the 
bottom   in   shallow   water,   hidden 
v\g.  213. -Scale  from  the  uural  in  the  sand,  the  colours  of  which  are 
Uue  ot  the  eanie  flsh.  assimilated  by  those  of  their  body. 

Therefore,  they  are  very  scirce  near  coral  islands  which  are 
surrounded  by  great  depths;  whilst  the  number  of  species 
is  rather  considerable  on  many  points  of  the  shelving  Aus- 
tralian coasts.  Their  long  and  strong  ventral  fins  are  of  great 
use  to  them  in  locomotion.  P.  insidiaior  is  one  of  the  most 
common  Indian  and  Australian  fishes,  and  readily  recog- 
nised by  two  oblique  black  bands  on  the  upper  and  lower 
caudal  lobes. 

HoPLiCHTHTS,  fiimilar  to  Platycephalus,  but  with  the  back  and 
sides  of  the  body  covered  with  bony  spiny  plates.  No  separate 
dorsal  spine. 

One  species,  H.  langsdorffii,  is  common  on  the  coast  of 
Japan,  and  frequently  placed  dry  by  the  Chinese  into  their 
insect-boxes, 

TbiciA. — Head  parallelopiped,  with  the  upper  aiuface  and  the 
sides  entirely  bony,  the  enlarged  infraorbital  covering  the  cheek. 
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Two  dorsal  fins.  Three  free  pectoral  rays.  Villifonn  teeth. 
Air-bladder  generallj'  with  lateral  muscles,  often  divided  into  two 
lateral  halves.     The  species  may  be  referred  to  three  groups : — 

1.  Palatine  teeth  none ;   scales   exceedingly   small,  except 

those  of  the  lateral  line  :  Trivia. 

2.  Palatine   teeth  none ;    scales  of  moderate  size  :    Ltpido- 

trigla. 

3.  Palatine  teeth  present :  Prionotus. 

About  forty  speciesof  "Gurnards"  are  known  from  tropical 
and  temperate  zones.  They  are  too  well  known  to  need 
detailed  description  ;  one  of  their  principal  characteristics  is 
the  three  free  finger-like  pectoral  appendages,  which  serve  aa 

Fig.  211. — Trigia  plenracaDtbicn. 
organs  of  locomotion  as  well  as  touch,  and  which  are  supplied 
with  strong  nerves,  aa  noticed  above 
(pp.  108  and  120).     The  fins  are  fre- 
quently beautifully  ornamented,  espe- 
cially the  inner  side  of  the  long  and 
broad  pectorals,  which  is  most  exposed 
to  the  light  when  the  fish  is  floating 
on  the  surface  of  the  water,  with  pec- 
torals  spread    out  like   wings.     The 
grunting  noise  made  by  Gurnards  when 
taken  out  of  the  water  is  caused  by     f^.  2i5._3cQt6  of  the 
the     escape    of   gas    from    the    air-  i"te"l  liu»  of  "le »"«» fiah, 
bladder  through  the  open  pneumatic  ducL      Gurnards   are 
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generally  used  as  food ;  seven  species  occur  on  the  British 
coast :  the  Eed  Gurnard  (T.  pini),  the  Streaked  Gurnard 
{T,  linecUa),  the  Sapphirine  Gurnard  {T.  hirundo),  the  Grey 
Gurnard  (T.  gurnardiis),  Bloch*s  Gurnard  {T,  cuculus),  the 
Piper  (T,  lyra\  and  the  Long-finned  Gurnard  {T,  obscura  or  T. 
lucerTia),  Singularly,  the  European  species  cross  the  Atlantic 
but  rarely,  the  American  species  belonging  chiefly  to  the 
division  Prionotns. 

Several  other  genera  belong  to  this  family ;  for  com- 
pleteness* sake  they  are  mentioned  here,  viz.  Bunocottns  from 
Cape  Horn;  Rhamphocottus,  Trvjlops  from  Arctic  North 
America ;  PoddbruSj  Blepsias,  Nautichthys,  Scorpconichthys, 
Hemilepidotus,  ArtediuSy  from  the  North  Pacific ;  Ptyonotm^ 
from  Lake  Ontario ;  Polycavlus  from  Indian  Seas ;  Benibras 
from  the  Japanese  Sea. 

Fourteenth  Family — Cataphracti. 

Form  of  the  body  elongate,  sub-cylindrical.  Dentition  ftMc. 
Body  completely  cuircLSsed  ivith  osseous  keeled  scales  or  pUttes, 
A  brniy  stay  connects  the  angle  of  the  jyrceoi^rculuvi  with  the 
infraorbital  ring,      Venirals  tlim^acic. 

Marine  fishes,  and  partly  pelagic.  Petalopteryx,  from  the 
chalk  of  Mount  Lebanon,  is  supposed  to  have  a  resemblance 
to  Dactyloptems, 

Agonus. — Head  and  body  angular,  covered  with  bony  platen. 
Two  dorsal  fins ;  no  pectoral  appendages.  Small  teeth  in  the 
jaws. 

Small  fishes,  from  the  northern  parts  of  the  temperate 
zone  and  extending  into  the  Arctic  Ocean  ;  the  genus  re- 
appears in  the  Southern  Hemisphere  on  the  coast  of  Chile. 
Of  the  eleven  species  known,  one  {A,  cataphractvs)  is  not 
uncommon  on  the  coast  of  Great  Britain. 

AsPiDOPHOROiDES,  from  Greenland,  has  a  very  similar  form 
of  the  body,  but  possesses  one  short  dorsal  fin  only. 
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SiPHAGONUS. — With  the  snout  produced  ioto  a  long  tube 
like  a  Syngnathue ;  chin  prominent,  with  a  barbel 

From  Behring'a  Strait  and  Japan. 

PBEiSTin^US. — Head  parallelopiped,  with  the  upper  surface 
»nd  the  sides  entirely  bony ;  each  pneorbital  prolonged  into  a  long 
flat  process,  projecting  beyond  the  snout.  Body  cuirassed  with 
large  bony  plates.  One  continuous  dorsal,  or  two  dorsals,  of  which 
the  second  is  the  more  developed.  Two  free  pectoral  appendages. 
Teeth  none ;  lower  jaw  with  barbels. 

Sin<;iilar1y  shaped  iishes,  of  rather  small  size,  from  the 
Mediterranean,  the  warmer  parts  of  the  Atlantic,  and  the 
Indian  Ocean  ;  of  the  ten  species  known  one  species  only  has 
been  found  in  the  Pacific,  near  the  Sandwich  Islands.  The 
European  species  13  P.  cataphractum.  They  are  not  common, 
and  probably  inhabit  greater  depths  than  the  Gurnards,  with 
whicli  they  have  much  in  common  as  regards  their  habits^ 

Dactyloptbbus. — Head  parallelopiped,  with  the  upper  surface 
and  the  sides  entirely  bony ;  scapula  and  angle  of  the  pneoper- 
culum  produced  into  long  spines.  Body  with  strongly  keeled 
scales  of  moderate  size ;   lateral  line  none.     Two   dorsal  fins, 


Jig.  aiB.^Dactj-lopterus  volitans. 
the  second  not  much  longer  than  the  first ;  pectoral  very  long, 
an  organ  of  flying,  with  the  upper  portion  detached  and  shorter. 
Granular  teeth  in  the  jaws  ;  none  on  the  palate.     Air-bladder 
divided  into  two  lateral  halves,  each  with  a  larger  muscle. 
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Of  "Flying  Gurnards"  three  species  only  are  known, 
which  are  very  abundant  in  the  Mediterranean,  the  tropical 
Atlantic,  and  Indo-Pacific.  They,  and  the  Flying  Herrings 
(Exocoetus),  are  the  only  fishes  which  are  enabled  by  their 
long  pectoral  fins  to  take  flying  leaps  out  of  the  water,  and 
deserve  the  name  of  "  Flying-Fishes."  They  are  much  heavier, 
and  attain  to  a  larger  size,  than  the  Exocoeti,  specimens  of 
eighteen  inches  in  length  not  being  scarce.  When  young, 
their  pectorals  are  much  shorter,  and,  consequently,  they  are 
imable  to  raise  themselves  out  of  the  water  (Cephalacanthiui). 
The  vertebral  column  shows  a  singular  coalescence  of  the 
anterior  vertebrae,  wliich  form  a  simple  tube,  as  in  Fidularia. 

We  insert  here  as  an  aj^pendLx:  to  tliis  division  the  small 
family  of  Pef/asidw,  the  natural  affinities  of  wliich  are  not  yet 
clearly  understood,  but  which  resembles  in  some  of  its  char- 
acters the  Cataphracti. 

Fifteenth  Family — Pegasid^. 

.  Body  entirely  covered  loith  hoiiy  plates,  anchylosed  on  the 
trunk  ami  movahle  on  the  tail.  Barbels  none.  The  margin  of 
the  ujrper  jaw  is  formed  hy  the  inter niaxillaries  and  tlieir  eiUa- 
ncous  2>rolo7iyatio7i,  which  extends  doivnivards  to  the  extremity 
of  the  maxillaries.  Gill-cover  formed  hy  a  large  plate,  homolo- 
goics  to  the  operculum,  prccopercidum,  and  suhoperculum ;  in- 
teropercidum  a  long  fine  bone,  hidden  beloio  the  gill-plate.  One 
rudimentamj  branchiostegal.  Tlie  gitl-plate  is  \mited  xoith  the 
isthmus  by  a  narrow  membrane;  gill-openings  narrow,  infroiU 
of  the  base  of  the  pectoral  fin.  Gills  four,  lamdlated.  Pseudo- 
branchiae  and  air-bladder  absent.  One  short  dorsal  and  anal 
fill,  opposite  to  each  other.  Ventral  fin  present.  Ovarian  sacs 
closed. 

One  genus  only  is  known,  Pegasus.     Its  pectoral  fins  are 
broad,  horizontal,  long,  composed  of  simple  rays,  some  of  wliich 
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are  sometimes  spinous.  Ventral  fins  one-  or  two-  rayed. 
Upper  part  of  the  snout  produced  into  a  shorter  or  longer 
process.  Mouth  inferior,  toothless.  Suborbital  ring  well 
developed,  forming  a  suture  with  the  gill-cover.  Vertebrae 
in  small  number,  thin;  no  ribs.  Four  species  are  known, 
two  of  which  are  of  a  shorter,  and  the  two  others  of  a  longer 
form.  The  former  are  P.  draconis,  common  in  the  Indian 
Ocean,  and  P.  volans,  which  is  frequently  stuck  by  the  Chinese 
into  the  insect-boxes  which  they  manufacture  for  sale.     The 


Fig.  217. — Pegasus  natans. 

two  elongate  species,  P.  natans  and  P.  landfer,  are  from  the 
Chinese  and  Australian  coasts.  Tliey  are  all  very  small  fishes, 
probably  living  on  sandy  shoal  places  near  the  coast. 

Ninth  Division — Acanthopterygii  Gobiiformes. 

Tlic  spinous  dorsal,  or  spinous  portion  of  the  doi*sal  is 
always  present,  shorty  either  composed  of  flexible  spiyi^,  or  much 
less  developed  than  tJie  soft ;  the  soft  dorsal  ami  anal  of  equal 
cd:tcnt.  No  hony  stay  for  the  angle  of  the  pra^perculum.  Ten- 
trals  thoracic  or  jugular,  if  present,  composed  of  on€  spine  and 
five,  rarely  four^  soft  rays,    A  prominent  anal  papilla. 

Shore-fishes,  mostly  exclusively  marine,  but  some  enteiing 
and  living  in  fresh  waters. 

First  Family — Discoboli. 
Body  thick  or  oblong,  naked  or  tubercular.     Teeth  small* 
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Ventral  fins  ivith  one  spine  and  five  rays,  all  being  rudimentary 
and  forming  the  osseoics  support  of  a  round  disk,  which  is  sur- 
rounded by  a  cutaneous  fringe.  Gill-openings  narraw,  the  gill* 
membranes  being  attached  to  the  isthmxis. 

Carnivorous  fishes,  Kving  at  the  bottom  of  the  shores  of 
northern  seas.  By  their  ventral  disk  they  are  enabled  to 
attach  themselves  very  firmly  to  rocks. 

Cyclopteuus. — Body  thick,  short,  covered  with  a  viscous, 
tubercular  skin.  Head  large,  snout  short.  Villiform  teeth  in 
the  jaws,  none  on  the  palate.  Skeleton  soft,  with  but  little  earthy 
matter. 

Three  species  of  "Lump-suckers"  are  known  from  the 

northern   temperate  and  the  arctic  zones.      The   common 

North  European  and  North  American  species,  C.  lumpus,  is 


Fig.  218. — Cyclopterus  lumpus.    a,  Ventral  disk. 

known  also  by  the  names  of  "  Cock-  and  Hen-  Paddle."  It 
attains  to  a  length  of  twenty-four  inches,  but  generally  is 
much  smaller.  It  is  difficult  to  remove  it  from  any  object  to 
which  it  once  has  attached  itself  by  means  of  its  sucking-disk. 
Its  skin  is  so  thick  as  to  more  or  less  entirely  conceal  the  first 
dorsal  fin ;  it  is  covered  witli  rough  tubercles,  the  larger  ones 
being  arranged  in  four  series  along  each  side  of  the  body. 
In  young  specimens  these  tubercles  are  absent.  Tlie  arctic 
species,  C,  spiiiosus,  has  large  conical  plates  on  the  head  and 


body,  each  plate  with  a  spine  in  the  centre.    Also  of  this 
species  the  young  are  naked,  the  plates  making  only  gradu- 


Fig.  219. — Yonng  of  Cyolopterus  epinosus,  from  the  Arctic  Ocean,  nituts]  n 
ally  their  appearance,  in  the  form  of  groups  of  tubercles. 
Tlieir  development  is  irregular,  as  young  specimens  of  the 
same  size  may  be  entirely  naked  or  tubercular.  This  species 
ranges  beyond  the  81°  lat.  N. 

LiFARis. — Body  Bub-cylindrical,  enveloped  in  a  more  or  less 
loose  naked  skiu  ;  bead  broad,  obtuse.  The  infraorbital  bone  is 
stylifonn  posteriorly,  extending  backwards  to  the  margin  of  the 
pra,'opercu]um.  One  dorsal  fin,  with  feeble  flexible  rays.  Villi- 
form  teeth  in  the  jaws,  none  on  tlie  palate. 

Small  fishes  from  the  northern  coasts  of  the  temjierate 
zone,  ranging  beyond  the  arctic  circle.  Eight  species  are 
known,  of  which  two  {L.  Hneatus  and  Z.  tn-tytUagni)  occur  on 
the  British  coasts. 

Second  Family — Gobiid.,e. 

Body  elongate,  naked  or  scaly.  Teeth  generally  smaU, 
sometimes  with  caniius.  The  spinous  dorsal  fin,  or  portion  of 
the  dorsal  fin,  is  the  less  developed,  and  composed  of  JUxiide 
spines ;  anal  similarly  developed  as  tlie  soft  dorsal.  Sometime 
t/ie  ventrals  are  uniled  into  a  disk.  Gill-opening  viore  or  less 
narrow,  the  yUl-membi-anes  being  attached  to  the  isthmus. 

Small  carnivorous  littoral  fishes,  many  of  which  have 
become  acclimatised  in  fresh  water.  They  are  very  abundant 
with  regard  to  species  as  well  as  individuals,  and  found  on  or 


486  FISHES. 

near  the  coasts  of  all  temperate  and  tropical  regions,  Greo- 
logically  they  appear  first  in  the  chalk. 

Gobi  us. — Body  scaly.  Two  dorsal  fins,  the  anterior  generally 
with  six  flexible  spines.  Ventral  fins  united,  forming  a  disk 
which  is  not  attached  to  the  abdomen.  Gill-opening  vertical, 
moderately  wide. 

The  "  Gobies  '*  are  distributed  over  all  temperate  and 
tropical  coasts,  and  abundant,  especially  on  the  latter.  Nearly 
three  hundred  species  have  been  described.  They  live  espe- 
cially on  rocky  coasts,  attaching  themselves  firmly  with  their 
ventrals  to  a  rock  in  almost  any  position,  and  thus  withstand- 
ing the  force  of  the  waves.  Many  of  the  species  seem  to 
delight  in  darting  from  place  to  place  in  the  rush  of  water 
which  breaks  upon  the  shore.    Others  live  in  quiet  brackish 

water,  and  not  a  few 
have  become  entirely 
acclimatised  in  fresh 
water,  especially  lakes. 
The  males  of  some  species 

Fig.  220.— Gobiu8  lentiginosus,  from  COnstrUCt    nestS    for   the 

New  Zealand.  gggs,  which    they  jeal- 

ously  watch,  and  defend  even  for  some  time  after  the  young 
are  hatched.  Several  species  are  found  on  the  British  coast  : 
ff.  niger,  pagandlus,  auraius,  minvtvs^  ruthensparri.  Fossil 
species  of  this  genus  have  been  found  at  Monte  Bolca. 

A  very  small  Goby,  LcUrunadus  pdlucidus,  common  in 
some  localities  of  the  British  Islands  and  other  parts  of 
Europe,  is  distinguished  by  its  transparent  body,  wide  mouth, 
and  uniserial  dentition.  According  to  R.  Collett  it  offers 
some  very  remarkable  peculiarities.  It  lives  one  year  only, 
being  the  first  instance  of  an  anmial  vertebrate.  It  spawns 
in  June  and  July,  the  eggs  are  hatched  in  August,  and  the 
fishes  attain  their  full  growth  in  the  months  from  October  to 
December.     In  this  stage  the  sexes  are  quite  alike,  both 
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having  very  small  teeth  and  feeble  jaws.  In  April  the  males 
lose  the  small  teeth,  which  are  replaced  by  very  long  and 
strong  teeth,  the  jaws  themselves  becoming  stronger.  The 
teeth  of  the  females  remain  unchanged.  In  July  and  August 
all  the  adults  die  off,  and  in  September  only  the  fry  are  to 
be  found. 

Tliere  are  several  other  genera,  closely  allied  to  Gobius, 
as  JEudenogobius,  Lophiogohius,  Doliichthys,  Apocryptcs^  JEvor- 
thodicSy  Gobiosoma  and  Gdbiodon  (with  scaleless  body)  Triamo- 
phorichthys. 

SiCYDiUM. — ^Body  covered  with  ctenoid  scales  of  rather  small 
size.  Cleft  of  the  mouth  nearly  horizontal,  with  the  upper  jaw 
prominent ;  lips  very  thick  ;  the  lower  lip  generally  with  a  series 
of  minute  horoy  teeth.  A  series  of  numerous  small  teeth  in 
upper  jaw,  implanted  in  the  gum,  and  generally  movable ;  the 
lower  jaw  with  a  series  of  conical  widely-set  teeth.  Two  dorsal 
fins,  the  anterior  with  six  flexible  spines.  Ventral  fins  united, 
and  forming  a  short  disk,  more  or  less  adherent  to  the  abdomen. 

Small  freshwater  fishes  inhabiting  the  rivers  and  rivuleta 
of  the  islands  of  the  tropical  Indo-Pacific.  About  twelve 
species  are  known ;  one  occurs  in  the  West  Indies.  Zentipes 
from  the  Sandwich  Islands  is  allied  to  Sicydium, 

PERiorHTHALMUS. — Body  covered  with  ctenoid  scales  of  small 
or  moderate  size.  Cleft  of  the  mouth  nearly  horizontal,  with  the 
upper  jaw  somewhat  longer.  Eyes  very  close  together,  imme- 
diately below  the  upper  profile,  prominent,  but  retractile,  with  a 
well-developed  outer  eyelid.  Teeth  conical,  vertical  in  both 
jaws.  Two  dorsal  fins,  the  anterior  with  flexible  spines ;  caudal 
fin  with  the  lower  margin  oblique ;  base  of  the  pectoral  fin  free, 
with  strong  muscles.  Ventral  fins  more  or  less  coalesced.  Gill- 
openings  narrow. 

The  fishes  of  this  genus,  and  the  closely-aUied  Boleophthal- 

mus,  are  exceedingly  common  on  the  coasts  of  the  tropical 

Indo-Pacific,  especially  on  parts  covered  with  mud  or  fucus. 

During  ebb  they  leave  the  water  and  hunt  for  small  crusta- 
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ceans,  and  other  small  animals  disporting  themselves  on  the 
ground  which  is  left  uncovered  by  the  receding  water.  With 
the  aid  of  their  strong  pectoral  and  ventral  fins  and  their 
tail,  they  hop  freely  over  the  ground,  and  escape  danger  by 
rapid  leaps.     The  peculiar  construction  of  their  eyes,  which 


Fig.  221. — Periophthalmus  koelreuteri. 

are  very  movable,  and  can  be  thrust  far  out  of  their  sockets, 
enables  them  to  see  in  the  air  as  well  as  in  the  water ;  when 
the  eyes  are  retracted  they  are  protected  by  a  membranous 
eyelid.  These  fishes  are  absent  in  the  eastern  parts  of  the 
Pacific  and  on  the  American  side  of  the  Atlantic ;  but  singu- 
larly enough  one  species  reappears  on  the  West  African 
coast.  About  seven  species  are  known  (including  Boleoph- 
thdlmics),  P,  koelreutcri  being  one  of  the  most  common  fishes 
of  the  Indian  Ocean. 

« 

Eleotris. — Body  scaly  ;  eyes  of  moderate  size,  lateral,  not 
prominent  Teeth  small.  Two  dorsal  fins,  the  anterior  generally 
with  six  spines.  Ventrals  not  united,  though  close  together,  with 
one  spine  and  five  rays. 

About  sixty  species  are  known  from  the  tropics,  only  a 
few  extending  into  the  temperate  zone.  As  regards  form, 
they  repeat  almost  all  the  modifications  observed  among  the 
Gobies,  from  which  they  differ  only  in  having  the  ventral 
fins  non-coalescent.  On  the  whole  they  are  somewhat  larger 
than  the  Gobies,  and  rather  freshwater  than  marine  species, 
some  of  them  being  abundant  in  the  rivulets  of  the  islands  of 
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the  Indo-Pacific  and  Atlantic.     Others  have  even  penetrated 
into  the  inland-waters  of  the  African  continent. 

Trtpauchen. — Body  elongate,  covered  with  minute  scales ; 
head  compressed,  with  a  deep  cavity  on  each  side,  above  the 
operculum.  Teeth  small,  in  a  band.  One  dorsal,  the  spinous 
portion  composed  of  six  spines ;  dorsal  and  anal  fins  continuous 
with  the  caudal,  ventral  fins  united. 

Small  fishes  of  singular  aspect,  from  the  East  Indian 

coasts.     Three  species,  of  which  T.  vagina  is  common. 

Callionymus. — Head  and  anterior  part  of  the  body  depressed, 
the  rest  cylindrical,  naked.  Snout  pointed,  with  the  cleft  of  the 
mouth  narrow,  horizontal,  and  with  the  upper  jaw  very  pro- 
tractile. Eyes  rather  large,  more  or  less  directed  upwards. 
Teeth  very  small,  palate  smooth.  A  strong  spine  at  the  angle 
of  the  praeoperculum.  Two  dorsal  fins,  the  anterior  with  three 
or  four  flexible  spines ;  ventrals  five-rayed,  widely  apart  from 
each  other.  Gill-openings  very  narrow,  generally  reduced  to  a 
foramen  on  the  upper  side  of  the  operculum. 

The  "Dragonets"  are  small,  and  generally  beautifully 
coloured  marine  fishes,  inhabitants  of  the  coasts  of  the 
temperate  zone  of  the  Old  World;  the  minority  of  species 
live  in  tropical  parts  of  the  Indo-Pacific ;  and  these  seem  to 
descend  to  somewhat  greater  depths  than  the  littoral  species 
of  the  northern  hemisphere.  Secondary  sexual  characters 
are  developed  in  almost  all  the  species,  the  mature  males 
having  the  fin-rays  prolonged  into  filaments,  and  the  fin- 
membranes  brightly  ornamented.  On  the  British  coast  one 
species  {C.  draco)  is  very  common,  and  locally  called 
"  Skulpin."  About  thirty  species  are  known,  many  of  wliich 
have  the  prseopercular  spine  armed  with  processes  or  barbs. 
Vulsits  is  allied  to  CalHonynius, 

Other  genera  belonging  to  this  family  are — Be-rUhophilvs 
from  the  Caspian  Sea;  AmblyopuSy  Orthostoimis,  PkUyptera, 
Livdogohius,  Oxymetopon,  and,  perhaps,  Oxuderces. 
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Tenth  Division — Acanthopterygii  Blenniiformes. 

Body  law,  sitb-cylindrical  or  compressed,  elongate.  Dorsal 
Jin  very  long  ;  the  spinous  porti/yn  of  the  dorsal,  if  distinct,  is 
very  long,  as  well  developed  as  the  soft,  or  much  mare  ;  sometimes 
tlie  entire  fin  is  composed  of  spines  only ;  anal  more  or  less 
long  ;  caudal  fin  svitruncatcd  or  rounded,  if  present.  Ventral 
fins  thoracic  or  jugular,  if  present. 

First  Family — Cepolid/E. 

Body  vei'y  elongate,  compressed,  covered  loith  very  small 
cycloid  scales;  eyes  rather  large,  lateral.  Teeth  of  moderate 
size.  No  bony  stay  for  tlie  angle  of  the  pra^opercuium.  One 
very  long  dorsal  fin,  which,  like  the  anal,  is  composed  of  soft 
rays.  Ventrals  thoracic,  composed  of  one  spine  and  five  rays. 
Gill-opening  mide.     Caudal  vertebra:  exceedingly  numerous. 

The  "  Band-fishes"  (Cepola)  are  small  marine  fishes,  belong- 
ing principally  to  the  fauna  of  the  northern  temperate  zone;  in 
the  Indian  Ocean  the  genus  extends  southwards  to  Piiiang. 
The  European  species  (C.  rid)escens)  is  found  in  isolated  ex- 
amples on  the  British  coast,  but  is  less  scarce  in  some  years 
than  in  others.  These  fishes  are  of  a  nearly  uniform  red 
colour. 

Second  Family — Trichonotid^e. 

Body  elongate,  sub-cylindrical,  covered  mith  cycloid  scales  of 
moderate  size.  Eyes  directed  upwards.  Teeth  in  villiform 
bands.  No  bony  stay  for  the  angle  of  tlie  procoperculum.  One 
long  dorsal  fin^  with  simple  articxdated  rays,  and  without  a 
spinous  portion  ;  anal  long.  Ventrals  jugular,  with  one  spine 
and  five  rays.  Grill-opening  very  tvide.  T/ic  nurnbcr  of  caudal 
vertebra:  much  eocceeding  that  of  the  abdomiiuil. 

Small  marine  fishes,  belonging  to  two  genera  only,  Tricho- 
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Tioim  (setigenis)  from  Indian  Seaa  with  some  of  the  anterior 

tlorsnl   raj"3   prolonged  into  fila 

ments;  and   Hemerocoetcs   (acnn 

t/iorhi/nckiis)  from  New  Zealand 

and  sometimes  found  far  out  at 

sea  on  the  surface. 

I 
Third  Family— Heteko 

LEPIDOTID  i. 

Body  oblong,  com/yressed  scaly 

•'  3'         I  Pig    222— Scale   from  the   later»l 

eyes  lateral ;  cleft  of  the  mouth  ,  „,  ^f  Hemerocteies  a^tho- 
laieral  ;     dentUwn    feMe  The      fliyncLuB,  with  lutereteii  margin. 

nn(ilc  of  the  prtEoperciduni  convicted  by  a  bony  stay  icith  the 
infraorbital  ring.  Dorial  lony  mih  the  spinous  and  s?ft  por 
tions  equally  devcloi^d  anal  elongate  !■  entrals  t/toracic  imth 
one  spine  and  five  ruf/s. 


Fig.  223. — C'/iini*  herayrainmus,  [n>m  Japan. 

Small  shore -fishes,  characteristic  of  the  fauna  of  the 
Northern  Pacific,  some  of  the  species  occurring  on  the  American 
as  well  as  Asiatic  side.  They  have  been  referred  to  several 
genera,  as 

Chircb,  which  ia  distinguished  by  the  presence  of  several 
lateral  lines ; 

Ophiodon,  with  one  lateral  line  only,  cycloid  scales,  and 
slightly  armed  praoperculum ; 

Agraumus,  with  one  lateral  line  only,  ctenoid  scales,  and 
unarmed  prGeoperculum ;  and 

Zaniolefis,  with  one  lateral  line  and  minute  comb-Uke  scales. 
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Fourth  Family — BLENNUDiE. 

Body  dongatCy  low,  more  or  less  cylindrical,  naked  or  covered 
vnth  scales,  lohich  generally  are  small.  One,  ttvo,  or  three  dorsal 
fins  occupying  nearly  the  whole  length  of  the  hade,  the  spinous 
portion,  if  distinct,  being  as  mitch  developed  as  the  soft,  or  more; 
sometimes  the  entire  fin  is  composed  of  spines ;  anal  fin  long, 
Ventrals  jicgidar,  composed  of  a  few  rays,  and  sometimes  rudi- 
mentary or  entirely  aisent,     Pseuddbranchioe  generally  present. 

Littoral  forms  of  great  generic  variety,  occurring  abund- 
antly in  all  temperate  and  tropical  seas.  Some  of  the  species 
have  become  acclimatised  in  fresh  water,  and  many  inhabit 
brackish  water.  With  very  few  exceptions  they  are  very 
small,  some  of  the  smallest  fishes  belonging  to  the  family  of 
"  Blennies."  One  of  the  principal  characteristics  of  the 
Blennies  is  the  ventral  fin,  which  is  formed  by  less  than  five 
rays,  and  has  a  jugular  position.  The  Blennies  have  this  in 
common  with  many  Gadoids,  and  it  is  sometimes  difl&cult  to 
decide  to  which  of  these  two  families  a  fish  should  be  referred. 
In  such  doubtful  cases  the  presence  of  the  pseudobranchias 
(which  are  absent  in  Gadoids)  may  be  of  assistance. 

In  many  Blennies  the  ventral  fins  have  ceased  to  have 
any  function,  and  become  rudimentary,  or  are  even  entirely 
absent.  In  others  the  ventral  fins,  although  reduced  to 
cylindrical  stylets,  possess  a  distinct  function,  and  are  used 
as  organs  of  locomotion,  by  the  aid  of  which  the  fish  moves 
rapidly  over  the  bottom. 

The  fossil  forms  are  scarcely  known ;  Pterygocephalus  from 
Monte  Bolca  appears  to  have  been  a  Blennioid. 

Anarrhichas. — Body  elongate,  with  rudimentary  scales; 
snout  rather  short ;  cleft  of  the  mouth  wide ;  strong  conical  teeth 
in  the  jaws,  those  on  the  sides  with  several  pointed  tubercles ; 
a  biserial  band  of  large  molar  teeth  on  the  palate.  Dorsal  fin 
long,  with  flexible  spines;  caudal  separate.  Ventrals  none. 
Gill-openings  wide. 
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The  "Sea- wolf,"  or  "Sea-cat"  (A.  Ivpus),  is  a  gigantic 


Fig.  224.— Teeth  of  the  Wolf-fish,  AnarThichas  lupus. 

Blenny,  attaining  to  a  length  of  more  tlian  8ix  feet.  With 
its  enonnoualy  strong  tubercular  teeth  it  is  able  to  crush  the 
hardest  shells  of  Crustaceans  or  Molluaks,  on  which  it  feeds 
voraciously.  It  is  an  inhabitant  of  the  northern  seas,  like 
two  other  allied  species,  all  of  which  are  esteemed  as  food  by 
the  inhabitants  of  Iceland  and  Greenland.  Two  other  species 
of  Sea- wolves  occur  in  the  corresponding  latitudes  of  the 
Nortli  Pacific. 

Blbnnius. — Body  moderately  elongate,  naked ;  snout  ehort. 
A  single  dorsal,  without  detached  portion;  ventrals  jugular, 
formed  by  a  spine  and  two  rays.  Cleft  of  the  mouth  narrow ; 
a  single  series  of  immovable  teeth  in  the  jaws;  generally  a 
curved  tooth  behind  this  series  in  both  jaws,  or  in  the  lower 
only.  A  more  or  less  developed  tentacle  above  the  orbit  Gill- 
opening  wide. 

About  forty  species  of  Blennlus  (in  the  restricted  generic 
sense)  are  known  from  the  northern  temperate  zone,  the 
tropical  Atlantic,  Tasmania,  and  the  Red  Sea.  But  in  the 
tropical  Indian  Ocean  they  are  almost  entirely  absent,  and 
replaced  by  other  allied  genera.  Three  species,  found  near 
the  Sandwich  Islands,  are  immigrants  into  the  Pacific  from 
the  American  Continent.  They  generally  live  on  the  coast, 
or  attach  themselves  to  floating  objects,  some  species  leading 
a   pelagic   life,  hiding  themselves  in   floating  seaweed,   in 
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whicli  they  even  propagate  their  species.  All  species  readily 
accustom  themselves  to  fresh  water,  and  some  {B.  vulgaris) 
have  become  entirely  acclimatised  in  inland  lakes.  British 
species  are  B.  gatlorvgine  (growing  to  a  length  of  twelve 
inches),  B.  ocellaris,  B.  galcrita,  and  B.  pholis,  the  common 
"  Shanny." 

Chasmodes  is  a  genus  allied  to  Blcnnius,  from  the  Atlantic 
coasts  of  temperate  North  America. 

Petroscirtes. — Body  moderately  elongate,  naked.      Snout 


Fig.  225. — Petroacirles  liaukieri,  from  Hong'Kong. 

generally  short.  A  single  dorsal  fin  ;  ventrals  composed  of  two 
or  three  rays.  Cleft  of  the  moutli 
narrow  ;  a  single  series  of  immov- 
able teeth  in  the  jaws ;  a  strong 
curved  canine  tooth  behind  this 
series,  that  of  the  lower  jaw  much 
stronger  than  that  of  the  upper. 
Head  sometimes  with  tentacles.  Gill- 
•-,  opening  reduced  to  a  small  fissure 
above  the  root  of  the  pectoral. 
Thirty  species,  from  the  tropical  Indo-Pacific,  of  small 


'  Fig.  220.— Deutition  of  the  u 


Salarias. — Body  moderately  elongate,  naked ;  snout  short, 
with  transverse  cleft  of  the  mouth  ;  a  series  of  numerous  small 
teeth  in  the  jaws,  implanted  in  the  gum  and  movable  ;  generally 
a  curved  canine  tooth  on  each  side  of  the  lower  jaw,  behind  the 
series  of  small  teeth.  Dorsal  iin  continuous,  sometimes  divided 
into  two  portions  by  a  more  or  less  deep  notch  without  a  de- 
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tached  anterior  part     Ventral  fins  with  two  or  three  rays.     A 
tentacle  above  the  orbit     Gill-openings  wide. 

Sixty  species  are  known  from  the  tropical  zone,  extending 

northwards  to  Madeira,  southwards  to  Chile  and  Tasmania. 

In  certain  individuals  of  some  of  the  species  a  longitudinal 

cutaneous  crest  is  developed ;  all  young  indi\dduals  lack  it, 

and  in  some  other  species  it  is  invariably  absent     Singularly 

enough  tliis  crest  is  not  always  a  sexual  character,  as  one 

might  have  supposed  from  analogy,  but  in  some  species  at 

least  it  is  developed  in  both  sexes.    Mature  males,  however, 

have  generally  higher  dorsal   fins  and  a  more  intense  and 

variegated  coloration  than  females  and  immature  males,  as  is 

also  the  case  in  Mennius. 

Clinus — Body  moderately  elongate,  covered  with  small  scales; 
snout  rather  short ;  a  narrow  band  or  series  of  small  teeth  in  the 
jaws  and  on  the  palate.  Dorsal  fin  formed  by  numerous  spines 
and  a  few  soft  rays,  without  a  detached  anterior  portion ;  anal 
spines  two.  Ventrals  with  two  or  three  rays.  A  tentacle  above 
the  orbit     Gill-opening  wide. 

Thirty  species,  from  the  coasts  of  tropical  America  and 
the  southern  tempemte  zone.  Three  other  genera  are  closely 
allied  to  Clinus,  viz.  Cristiceps  and  CremrwbiUes,  in  which  the 
three  anterior  dorsal  spines  are  detached  from  the  rest  of  the 
fin ;  and  Triptcrygmm^  with  three  distinct  dorsal  fins,  of 
which  the  two  anterior  are  spinous.  The  species  of  these 
genera  are  as  numerous  as  those  of  Clinus,  occurring  in  many 
parts  of  tropical  seas,  in  the  Mediterranean,  and  being  espe- 
cially well  represented  in  South  Australia  and  Kew  Zealand. 

Stichjsus. — Body  elongate,  covered  with  very  small  scales ; 
lateral  line  more  or  less  distinct,  sometimes  several  lateral  lines. 
Snout  short ;  very  small  teeth  in  the  jaws,  and  generally  on  the 
palate.  Dorsal  fin  long,  formed  by  spines  only.  Ventrals  with 
two  or  three  rays.  Caudal  Rn  distinct  Gill-openings  rather 
wide. 
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Small  fishes,  peculiar  to  the  coasts  near  the  arctic  circle, 
ranging  southwards  to  the  coasts  of  Japan  and  Scandinavia. 
Ten  species. 

Blenniops. — Body  moderately  elongate,  covered  with  very 
small  scales ;  lateral  line  none.  Snout  short ;  small  teeth  in  the 
jaws,  none  on  the  palate.  Dorsal  fin  long,  formed  by  spines 
only.  Ventrals  with  one  spine  and  three  rays.  Caudal  dis- 
tinct. Gill-openings  of  moderate  width,  the  gill-membranes 
coalescent  across  the  isthmus. 

A  fine  but  not  common  kind  of  Blenny  {B.  ascanii),  from 

the  British  and  Scandinavian  coasts. 

Cextronotus. — Body  elongate,  covered  with  very  small 
scales ;  lateral  line  none.  Snout  short ;  very  small  teeth  in  the 
jaws.  Dorsal  fin  long,  formed  by  spines  only.  Ventrals  none 
or  rudimentary ;  caudal  separate.  Gill-openings  of  moderate 
width,  gill-membranes  coalescent. 

Ten  species  are  knowni  from  the  northern  coasts ;  south- 
wards the  genus  extends  to  the  coasts  of  France,  New  York, 
California,  and  Japan.  C.  f/unellus,  or  the  "  Gunnel-fish " 
or  "  Butter-fish,"  is  common  on  the  British  coasts.  Ajxh 
dkhthys  is  allied  to  Centronotus,  but  the  vertical  fins  are 
confluent ;  and  a  very  large,  excavated,  pen-like  spine  lies 
hidden  in  a  pouch  in  front  of  the  anal  fin.  This  spine  is 
evidently  connected  in  some  way  with  the  generative  organs, 
as  a  furrow  leads  from  the  orifice  of  the  oviduct  to  the  gixx)ve 
of  the  spine.  One  species  from  the  Pacific  coast  of  North 
America.  Xiphidion  is  another  closely  allied  genus  from  the 
same  locality. 

Cryptacanthodes.  —  Body  very  elongate,  naked,  with  a 
single  lateral  line.  Head  with  the  muciferous  system  well 
developed.  Eye  rather  small.  Conical  teeth  in  the  jaws,  on 
the  vomer  and  palatine  bones.  One  dorsal  formed  by  spines 
only ;  caudal  connected  with  dorsal  and  anal.  Ventrals  none. 
Gill-opening  of  moderate  width,  with  the  gill-membranes  joined 
to  the  isthmus. 


One  species  (6^.  maeuXatus)  from  the  Atlantic  coasta  of 
North  America. 

Pat^cus, — BoJy  oblong,  elevated  anteriorly ;   snout  short, 
with  sub-vertical  anterior  profile ;  minute  teeth  in  the  jaws  and 


Fig.  2a7.— Patecng  fronto. 

on  tlie  vomer.  Dorsal  fin  with  the  anterior  spines  strong  and 
long,  continuous  with  the  caudal ;  ventrals  none.  Gill-openings 
wide. 

Three  species  of  this  singular  form  are  known  from  South 
and  West  Australia, 

ZoARCES. — Body  elongate,  with  the  scales  rudimentary ; 
conical  teeth  in  the  jaws.  Dorsal  fin  long,  with  a  depression  on 
the  tail,  which  is  formed  by  a  series  of  spines  much  shorter  than 
the  rays.  No  other  fin-apinea  No  separate  caudal  fin.  Ven- 
trals short,  formed  by  three  or  four  rays.     Qill-openings  wide. 

Two  species  are  known,  one  from  the  European,  and  the 
other  from  the  North  American  side  of  the  Atlantic.  The 
former,  Z.i^mJMnts,  is  well  known  by  the  name  of  "Viviparous 
Blenny;"  as  is  signified  by  this  name  it  produces  its  young 
alive.  These  are  so  matured  at  the  time  of  their  birth  that 
on  their  iirst  exclusion  they  swim  about  with  the  utmost 
agility.  No  fewer  than  from  two  to  three  hundred  young 
are  sometimes  produced  by  one  female,  and  the  abdomen  of 
the  mother  is  so  distended  before  parturition  that  it  is  impos- 
sible to  touch  it  without  causing  them  to  be  extruded.  Full 
grown  individuals  are  about  twelve  inches  long,  but  tlie 
2k 
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American  species  {Z.  anguUlarii)  attains  to  a  length  of  two 
or  three  feet. 

Other  genera  of  the  family  of  Blennoids  are : — Blennophis^ 
Nemophis,  Plagiotremus,  Neodinus,  Cebidichthi/8,  Myxodes, 
Seterosiichus,  Dictyosoma,  Lepidoblennius,  JDadyloscopus,  Crund- 
lichthys,  Urocentrits,  SticJueojms,  Sticharium,  NotograptuSy 
Pholidichthys,  and  Pseudoblennivs, 

Fifth  Family — ^Acanthoclinida 

Body  elongate,  low,  compressed,  covered  wUh  small  scales. 
One  dorsal  Jin,  occupying  nearly  the  tahole  of  the  hojck,  and 
chiefly  composed  of  spines.  Anal  fin  long,  with  numerous  spines. 
Ventrals  jugular ^  composed  of  a  few  rays  oiily. 

Of  this  family  one  fish  only  is  known  {AcarUhodinus 
littoreus),  a  small  Blenny  abundant  on  the  coast  of  New 
Zealand. 

Sixth  Family — MASTACEMBELiDiE. 

Body  elongate,  eel-like,  covered  with  very  small  scales. 
Mandible  long,  bict  little  moveable.  Dorsal  fin  very  long,  the 
anterior  portion  composed  of  numerous  short  isolated  spines ; 
anal  fin  with  spines  anteriorly.  Ventrals  none.  The  humeral 
arch  is  not  suspended  from  the  skull.  Gill-openings  reduced 
to  a  slit  at  the  lower  part  of  the  side  of  the  head. 

Freshwater-fishes  characteristic  of  and  almost  confined  to 
the  Indian  region.  The  structure  of  the  mouth  and  of  the 
branchial  apparatus,  the  separation  of  the  humeral  arch  from 
the  skull,  the  absence  of  ventral  fins,  the  anatomy  of  the 
abdominal  organs,  affords  ample  proof  that  these  fishes  are 
Acanthopterygian  eels.  Their  upper  jaw  terminates  in  a 
pointed  moveable  appendage,  which  is  concave  and  transversely 
striated  inferiorly  in  Bhynchobdella,  and  without  transverse 
striae  in  Mastacembdus :  the  only  two  genera  of  this  family. 


BARRACUDA.  499 

Thirteen  species  are  known,  of  which  Eh.  aculeata,  M,pancal7i8 
and  M.  armaius  are  extremely  common,  the  latter  attaining 


Fig.  228. — Mastacembelus  argus,  from  Siam. 

to  a  length  of  two  feet.  Outlying  species  are  M.  aleppensis 
from  Mesopotamia  and  Syria,  and  M,  cryptacanthus,M,  marcheiy 
and  M.  niger,  from  West  Africa. 

Eleventh  Division— Acanthopterygii  Mugiliformes. 

Tvx>  dorsal  fins  more  or  less  ranote  from  each  other  ;  the 
anterior  either  short,  like  the  posterior,  or  composed  of  feeble 
spines.      Ventral  fins  with  one  spine  and  five  rays,  abdominal. 

First  Family — SPHYRiENiD^ 

Body  elongate,  snb-cylindrical,  covered  with  smail  cycloid 
scales;  lateral  line  continuous.  Cleft  of  the  mouth  wide, 
armed  with  strong  teeth.  Eye  lateral,  of  moderate  size. 
Vertebrae  tvjenty-four. 

This  family  consists  of  one  genus  only,  Sphyrcena,  gene- 
rally called  "Barracudas,"  large  voracious  fishes  from  the 
tropical  and  sub-tropical  seas,  which  prefer  the  vicinity  of  the 
coast  to  the  open  sea.  They  attain  to  a  length  of  eight  feet, 
and  a  weight  of  forty  pounds ;  individuals  of  this  large  size  are 
dangerous  to  bathers.  They  are  generally  used  as  food,  but 
sometimes  (especially  in  the  West  Indies)  their  flesh  assumes 
poisonous  qualities,  from  having  fed  on  smaller  poisonous 
fishes.     Seventeen  species. 

Tlie  Barracudas  existed  in  the  tertiary  epoch,  their  remains 
being  frequently  found  at  Monte  Bolca.  Some  other  fossil 
genera  have  been  associated  with  them,  but  as  they  are  known 
from  jaws  and  teeth  or  vertebrae  only,  their  position  in  the 
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system  cannot  be  exactly  determined ;  thus  Sphyramodus  and 
Hypsodon  from  the  chalk  of  Lewes,  and  the  London  clay  of 
Sheppey.  The  American  Portheus  is  allied  to  Hypsodon. 
Another  remarkable  genus  from  the  chalk,  Saurocephalus^ 
has  been  also  referred  to  this  family.^ 

Second  Family — Atherjnid^. 

Body  Tfwre  or  less  elongate,  sub-cylindrical,  covered  with 
scales  of  moderate  size ;  lateral  line  indistinct.  Cleft  of  the 
mouth  of  moderate  width,  unth  the  dentition  feeble.  Eye  lateral, 
large  or  of  moderate  size.  Gill-openings  wide.  Vertebrae  very 
numerous. 

Small  carnivorous  fishes  inhabiting  the  seas  of  the  tem- 
perate and  tropical  zones ;  many  enter  fresh  water,  and  some 
have  been  entirely  acclimatised  in  it.  This  family  seems  to 
have  been  represented  in  the  Monte  Bolca  formation  by 
Mesogaster. 

Atherina. — Teeth  very  small;  scales  cycloid.  The  first 
dorsal  is  short  and  entirely  separated  from  the  second.  Snout 
obtuse,  with  the  cleft  of  the  mouth  straight,  obhque,  extending 
to  or  beyond  the  anterior  margin  of  the  eye. 

The  Atherines  are  littoral  fishes,  living  in  large  shoals, 

which  habit  has  been  retained  by  the  species  acclimatised  in 

fresh  water.    They  rarely  exceed  a  length  of  six  inches,  but 

are   nevertheless   esteemed  as  food.      From  their    general 

resemblance  to  the  real  Smelt  they  are  often  thus  misnamed, 

but  may  always  be  readily  recognised  by  their  small  first 

spinous  dorsal  fin.    Tlie  young,  for  some  time  after  they  are 

hatched,  cling  together  in  dense  masses,  and  in  numbers 

almost  incredible.     The  inhabitants  of  the  Mediterranean 

^  The  systematic  afi&nities  of  these  extinct  genera  are  very  obscure.  Cope 
places  them,  with  others  (for  instance  Protosphyramat  which  has  a  sword-like 
prolongation  of  the\ethmoid),  in  a  distinct  family,  SatirodantUUc :  see  *  Ver- 
tebrata  of  the  Cretaceous  Formations  of  the  West,"  1876. 


GREY  MULLETS.  501 

cocost  of  France  call  these  newly  hatched  Atherines  "  Nonnat " 
(unborn).  Some  thirty  species  are  known,  of  which  A.  pres- 
byter and  A.  boyeri  occur  on  the  British  coast. 

Atherinichthys,  distinguished  from  Atherina  in  having  the 
snout  more  or  less  produced ;  and  the  cleft  of  the  mouth  gene- 
rally does  not  extend  to  the  orbit. 

These  Atherines  are  especially  abundant  on  the  coasts 

and  in  the  fresh  waters  of  Australia  and  South  America.     Of 

the  twenty  species  known,  several  attain  a  length  of  eighteen 

inches  and  a  weight  of  more  than  a  pound.     All  are  highly 

esteemed  as  food;  but  the  most  celebrated  is  the  "Pesce 

Eey  "  of  Chile  (A.  latidavia). 

Tetragonurus. — Body  rather  elongate,  covered  with  strongly 
keeled  and  striated  scales.  The  first  dorsal  fin  is  composed  of 
numerous  feeble  spines,  and  continued  on  to  the  second.  Lower 
jaw  elevated,  with  convex  dental  margin,  and  armed  with  com- 
pressed, triangular,  rather  small  teeth,  in  a  single  series. 

This  very  remarkable  fish  is  more  frequently  met  with  in 

the  Mediterranean  than  in  the  Atlantic,  but  generally  scarce. 

Nothing  is  known  of  its  habits ;  when  young  it  is  one  of  the 

fishes  which  accompany  Medusae,  and,  therefore,  it  must  be 

regarded  as  a  pelagic  form.     Probably,  at  a  later  period  of  its 

life,  it  descends  to  greater  depths,  coming  to  the  surface  at 

night  only.     It  grows  to  a  length  of  eighteen  inches. 

Third  Family — Mvgujbje. 

Body  more  or  less  oblong  and  compressed,  covered  tvith  cycloid 
scales  of  modei'ate  size  ;  lateral  line  none.  Cleft  of  the  mouth 
narrow  or  of  moderate  width,  without  or  toith  feeble  teeth,  Eye 
lateral,  of  moderate  size,  GUI-opening  wide.  The  anterior 
dorsal  fin  composed  of  four  diff  spines.     Vertebrae  twerUy-fowr, 

The  "  Grey  Mullets  "  inhabit  in  numerous  species  and  in 
great  numbers  the   coasts   of  the  temperate  and  tropical 
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zones.  They  frequent  brackish  waters,  in  which  they  find  an 
abundance  of  food  which  consists  chiefly  of  the  organic  sub- 
stances mixed  with  mud  or  sand ;  in  order  to  prevent  larger 
bodies  from  passing  into  the  stomach,  or  substances  from 
passing  through  the  gill-openings,  these  fishes  have  the  organs 
of  the  pharynx  modified  into  a  filtering  apparatus.  They 
take  in  a  quantity  of  sand  or  mud,  and,  after  having  worked 
it  for  some  time  between  the  pharyngeal  bones,  they  eject  the 
roughest  and  indigestible  portion  of  it.  The  upper  pharyn- 
geals have  a  rather  irregular  form ;  they  are  slightly  arched, 
the  convexity  being  directed  towards  the  pharyngeal  cavity, 
tapering  anteriorly  and  broad  posteriorly.  They  are  coated 
with  a  thick  soft  membrane,  which  reaches  far  beyond  the 
margin  of  the  bone,  at  least  on  its  interior  posterior  portion ; 
this  membrane  is  studded  all  over  with  minute  homy  cilia. 
The  pharyngeal  bone  rests  upon  a  large  fatty  mass,  giving 
it  a  considerable  degree  of  elasticity.  There  is  a  very  large 
venous  sinus  between  the  anterior  portion  of  the  pharyngeal 
and  the  basal  portion  of  the  branchial  arches.  Another  mass 
of  fat,  of  elliptical  form,  occupies  the  middle  of  the'  roof  of  the 
pharynx,  between  the  two  pharyngeal  bones.  Each  branchial 
arch  is  provided  on  each  side,  in  its  whole  length,  with  a 
series  of  closely -set  gill -rakers,  which  are'  lateraUy  bent 
downwards,  each  series  closely  fitting  into  the  series  of  the 
adjoining  arch ;  they  constitute  together  a  sieve,  admirably 
adapted  to  permit  a  transit  for  the  water,  retaining  at 
the  same  time  every  other  substance  in  the  cavity  of  the 
pharynx. 

The  lower  pharyngeal  bones  are  elongate,  crescent-shaped, 
and  broader  posteriorly  than  anteriorly.  Their  inner  surface 
is  concave,  corresponding  to  the  convexity  of  the  upper 
pharyngeals,  and  provided  with  a  single  series  of  lamelke, 
similar  to  those  of  the  branchial  arches,  but  reaching  across 
the  bone  from  one  margin  to  the  other. 
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The  intestinal  tract  shows  no  less  peculiarities.  The 
lower  portion  of  the  (esophagus  is  provided  with  numerous 
long  thread-like  papillse,  and  continued  into  the  oblong-ovoid 
membranaceous  ccecal  portion  of  the  stomach,  the  mucosa  of 
which  forms  several  longitudinal  folds.  The  second  portion 
of  the  stomach  reminds  one  of  the  stomach  of  birds;  it 
communicates  laterally  with  the  other  portion,  is  globular, 
and  surrounded  by  an  exceedingly  strong  muscle.  This 
muscle  is  not  divided  into  two  as  in  birds,  but  of  great  thick- 
ness in  the  whole  circumference  of  the  stomach,  all  the 
muscular  fasciculi  being  circularly  arranged.  The  internal 
cavity  of  this  stomach  is  rather  small,  and  coated  with  a 
tough  epithelium,  longitudinal  folds  running  from  the  entrance 
opening  to  the  pyloric,  which  is  situated  opposite  to  the  other. 
A  low  circular  valve  forms  a  pylorus.  There  are  five  rather 
short  pyloric  appendages.  The  intestines  make  a  great  num- 
ber of  circumvolutions,  and  are  seven  feet  long  in  a  specimen 
thirteen  inches  in  length. 

Some  seventy  species  of  Grey  Mullets  are  known,  the 
majority  of  which  attain  to  a  weight  of  about  four  pounds,  but 


there  I 


9.— Mugil  proboscideus. 
e  many  which  grow  to  ten  and  twelve  pounds.     AH  are 


eaten,  and  some  even  esteemed,  especially  when  taken  out  of 
fresh  water.  If  attention  were  paid  to  their  cultivation,  great 
profits  could  be  made  by  fry  being  transferred  into  suitable 
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backwaters  on  the  shore,  in  which  they  rapidly -grow  to  a 
marketable  size.  Several  species  are  more  or  less  abundant 
on  the  British  coasts,  as  Muffil  octo-radiatus  (Fig.  105,  p.  254), 
M,  cajnto,  M.  aurcUus  (Fig.  106,  p.  254),  and  M.  septentrionalis 
(Fig.  107,  p.  254),  which,  with  the  aid  of  the  accompanying 
figures,  and  by  counting  the  rays  of  the  anal  fin,  may  be 
readily  distinguished — M,  octo-radiatus  ha\dng  eight,  and  M. 
capita  and  M.  auratus  nine  soft  rays.  A  species  inhabiting 
fresh  waters  of  Central  America  {M.prohoscideus)  has  the  snout 
pointed  and  fleshy,  thus  approaching  certain  other  fresh- 
water and  littoral  Mullets,  which,  on  account  of  a  modifica- 
tion of  the  structure  of  the  mouth,  have  been  formed  into  a 
distinct  genus,  Agonostoma.  Myxus  comprises  Mullets  with 
teeth  more  distinct  than  in  the  typical  species. 

This  genus  existed  in  the  tertiary  epoch,  remains  of  a 
species  having  been  found  in  the  gypsum  of  Aix,  in  Provence. 

Twelfth  Division — AcANXHOPTERYGn  Gastrosteiformes, 

The  spinous  dorsal  is  composed  of  isolated  spines  if  present ; 
the  ventrals  are  either  thoracic  or  have  an  ahdo^ninal  position 
in  consequence  of  the  prolongation  of  the  pubic  bones  which  are 
attached  to  the  humeral  arch.  Mouth  small,  at  the  end  of  the 
snou^  which  is  generally  m/yre  or  less  produced. 

First  Family — Gastrosteid^ 

Body  elongate^  compressed.  Cleft  of  the  rnouth  oblique; 
vUliform  teeth  in  the  jaws.  Opercular  bones  not  armed;  in- 
frcuyrbUals  covering  the  cheek ;  parts  of  the  skeleton  forming 
incomplete  external  mails.  Scales  n/me,  but  generally  large 
scutes  along  the  side.  Isolated  spines  in  front  of  the  soft  dorsal 
fin.  Ventral  fins  abdominal,  joined  to  the  pubic  bone,  comr 
posed  of  a  spin>e  and  a  small  ray.    Branchiostegals  three. 
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Of  "  Sticklebacks "  (Gaslrosteus)  about  ten  species  are 
satisfactorily  known,  one  of  which  (0.  spinackia)  lives  in  salt 
and  brackish  water,  whilst  the  others  inhabit  principally 
fresh  waters,  although  they  all  are  able  to  exist  in  the  sea. 
They  are  confined  to  the  Temperate  and  Arctic  zones  of  the 
northern  hemisphere.  The  British  freshwater  species  are 
the  Three-spined  Stickleback  ((?.  acuieaius),  which  sometimes, 
especially  in  Central  Europe,  lacks  scutes,  sometimes  has  a 
series  of  scutes  along  the  side  of  the  body ;  the  Four-spined 
Stickleback  {G.  apinulosua)  and  the  Nine-spined  Stickleback 
(ff.  pungiiim).  The  commonest  Korth  American  species  is 
G.  noveboracensis.     The  habits  of  all  the  freshwater  species 


Fig.  230.  — Gaatrosteus  noveboraceHBU. 

are  very  similar.  The  common  European  species  (0.  actUeatus) 
is  an  active  and  greedy  little  fish,  extremely  deatnictive  to  the 
fry  of  other  species,  and  consequently  injurious  in  ponds 
where  these  are  sought  to  be  preserved.  It  is  scarcely  to  be 
conceived  what  damage  these  little  fishes  do,  and  how  greatly 
detrimental  they  are  to  the  increase  of  all  the  fishes  in  general 
among  which  they  live ;  for  it  is  with  the  utmost  industry, 
sagacity,  and  greediness  that  they  seek  out  and  destroy  all 
the  youi^  fry  that  come  their  way.  A  small  Stickleback, 
kept  in  an  aquarium,  devoured,  in  five  hours'  time,  seventy- 
four  young  dace,  which  were  about  a  quarter  of  an  inch  long, 
and  of  the  tliickness  of  a  horse  hair.  Two  days  after  it  swal- 
lowed sixty-two ;  and  would,  probaby,  have  eaten  as  many 
every  day  could  they  have  been  procured.     The  Stickleback 
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sometimes  swarms  in  prodigious  numbers.  Pennant  states 
that  at  Spalding,  in  Lincolnshire,  there  was  once  in  seven 
years  amazing  shoals,  which  appear  in  the  Welland,  coming 
up  the  river  in  the  form  of  a  vast  column.  The  quantity  may, 
perhaps,  be  conceived  from  the  fact  that  a  man  employed  in 
collecting  them,  gained,  for  a  considerable  time,  four  shillings 
a-day  by  selling  them  at  tlie  rate  of  a  halfpenny  a  bushel 
Costa,  who  studied  the  manners  of  these  small  fishes,  relates 
that,  on  the  approach  of  spawning  time,  the  male  builds 
a  nest  of  stalks  of  grass  and  other  matters  in  a  hollow 
of  the  bottom,  a  little  above  three  inches  wide  and  about 
six  inches  and  a  half  deep,  creeping  over  the  materials  on 
his  belly,  and  cementing  them  with  the  mucus  that  exudes 
from  his  skin.  The  bottom  of  the  nest  is  first  laid,  then 
the  sides  are  raised,  and  lastly  the  top  is  covered  over.  A 
small  hole  is  left  on  one  side  for  an  entrance.  When  the 
erection  is  complete,  he  seeks  out  a  female,  and  conduct- 
ing her,  Costa  says,  with  many  caresses,  to  the  nest,  intro- 
duces her  by  the  door  into  the  chamber.  In  a  few  minutes 
she  has  laid  two  or  three  eggs,  after  which  she  bores  a  hole 
on  the  opposite  side  of  the  nest  to  that  by  which  she 
entered,  and  makes  her  escape.  The  nest  has  now  two  doors, 
and  the  eggs  are  exposed  to  the  cool  stream  of  water,  which, 
entering  by  one  door  flows  out  at  the  other.  Next  day  the 
male  goes  again  in  quest  of  a  female,  and  sometimes  brings 
back  the  same,  sometimes  finds  a  new  mate.  This  is  repeated 
until  the  nest  contains  a  considerable  number  of  eggs,  and 
each  time  the  male  rubs  his  side  against  the  female  and 
passes  over  the  eggs.  Next  the  male  watches  a  whole  month 
over  his  treasure,  defending  it  stoutly  against  all  invaders, 
and  especially  against  his  wives,  who  have  a  great  desire  to 
get  at  the  eggs.  When  the  young  are  hatched  and  able  to 
do  for  themselves  his  cares  cease. 

The   Sea-Stickleback   ((?.  spinachia)  is  likewise  a   nest 
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builder,  choosing  for  its  operations  especially  the  shallows  of 
brackish  water,  which  are  covered  with  Zodera. 


Second  Family — FisTULARiiDiE. 

Fishes  of  grecUly  elongated  form  ;  the  anterior  hones  of  the 
shell  are  much  produced,  and  form  a  long  tube,  terminating  in 
a  narrow  mouth.  Teeth  small ;  scales  none,  or  small.  The 
spinous  dorsal  fin  is  either  formed  by  feeble  isolated  spines  or 
entirely  absent ;  the  soft  dorsal  and  anal  of  moderate  length,  ven- 
tral fins  fhora^  or  ahdominal,  composed  of  five  or  six  rays, 
unthmU  spine  ;  if  abdominal,  they  are  separate  from  the  pubic 
hones,  which  remain  attached  to  the  humeral  arch,  Branchio- 
siegals  five. 

The  "  Flute-mouths "  are  also  frequently  called  "  Pipe- 
fishes," a  name  which  they  have  in  common  with  the  Syn- 
gnathidse.  They  are  gigantic  marine  Sticklebacks,  living 
near  the  shore,  from  which  they  are  frequently  driven  into 
the  open  sea  ;  some  of  the  species,  therefore,  have  a  wide  geo- 
graphical range.  Probably  all  enter  brackish  water.  They 
are  distributed  over  the  whole  of  the  tropical  and  sub-tropical 
parts  of  the  Atlantic  and  Indo- Pacific.  The  species  are  few 
in  number,  but  some  of  them  are  very  common. 

This  family  is  well  represented  in  Eocene  formations ; 
some  of  the  remains  belonging  to  the  existing  genera, 
Fistularia,  Aulostoma,  and  Auliscops,  the  two  former  of 
which  occur  not  rarely  at  Monte  Bolca  and  in  the  schists  of 
Glaris.  Well-preserved  remains  oi  Auliscops  have  been  found 
in  the  Marl-slates  of  the  highlands  of  Padang  in  Sumatra. 
Extinct  genera  from  Monte  Bolca  are  Urosphen,  the  cylindri- 
cal body  of  which  is  terminated  by  a  large  cuneiform  fin ; 
and  Hhamphosus,  which  has  an  immense  spinous  ray,  denticu- 
lated behind,  inserted  on  the  nape. 
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FiSTULARiA. — Body  scaleless;  caudal  fin  forked,  with  the 
two  middle  rays  produced  into  a  filament ;  no  free  dorsal  spines. 

Three  species  are  known,  common  on  the  shores  of  the 
Tropical  Atlantic  {F.  tabaccaria)  and  Indian  Oceans  {F. 
serrcUa  and  F.  depressa) ;  they  attain  to  a  length  of  from  four 
to  six  feet. 

The  anterior  portion  of  the  vertebral  column  shows  the 
same  peculiarity  as  in  JDadylopterus  ;  it  is  a  long  compressed 
tube,  composed  of  four  elongate  vertebrae,  which  are  per- 
fectly anchylosed ;  each  of  them  has  a  pair  of  small  foramina 
for  blood-vessels.  The  neural  spines  and  parapophyses  of 
this  tubiform  portion  are  confluent  into  thin  laminae,  the 
lateral  of  which  are  wing-Uke,  and  expanded  in  their  anterior 
half. 

AuLOSTOMA. — Body  covered  with  small  scales.  Caudal  fin 
rhombic,  without  prolonged  rays;  a  series  of  isolated  feeble 
dorsal  spines.     Teeth  rudimentary. 

Two    species   from    the   Tropical   Atlantic   and    Indian 

Oceans. 

AULISCOPS. — Body  naked.  Ventrals  thoracic.  Numerous 
spines  in  front  of  the  dorsal  fin. 

One  species  (A.  spinescens)  from  the  Pacific  coast  of  North 

America.    Aulorhynchus  from  the  same  sea,  and  AulidUJiys 

from  Japan,  are  allied  genera. 

Thirteenth  Division — Acanthopterygii  Centrisciformes. 

Tivo  dorsal  fins ;  the  spinous  shorty  the  soft  and  the  anal  of 
moderate  extent.  Ventral  fins  truly  ahdominal,  imperfectly 
developed. 

This  division  consists  of  one  family,  Centrisddce,  with  two 
genera  The  fishes  belonging  to  it  are  v^  small,  marine, 
and,  in  consequence  of  their  limited  power  of  swimming, 
often  driven  out  into  the  open  sea.      They  have  the  same 
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structure  of  the  mouth  and  snout  as  the  FistulariidEe,  but 
combine  with  it  peculiarities  of  the  shape  of  body,  of  the 
structure  of  the  vertical  fios,  and  of  the  relatioDs  between 
endo-  and  exo-akeleton,  which  render  them  altogether  a 
singular  and  interesting  type.  Amphisile  has  been  found  in 
a  fossil  state  at  Monte  Bolca 

Centriscus. — Body  oblong  or  elevated,  compressed,  covered 
with  small  rough  scales ;  lateral  line  none ;  some  bony  strips  on 
the  side  of  the  back,  and  on  the  margin  of  the  thorax  and 
abdomen  ;  the  former,  in  one  species,  are  confluent  and  form  a 
shield.  Teeth  none.  Two  dorsal  fins,  the  first  with  one  of  the 
spines  very  strong.  Ventral  fins  small,  abdominal,  composed  of 
five  soft  rays.     Four  branchiostegals. 

Of  the  four  species  the  most  generally  known  is  C. 
scolopax,  the  "  Trumpet-fish  "  or  "  Bellows-fish,"  whicli  rarely 
occurs  on  the  south  coast  of  England,  is  more  common  farther 


Fig  231  — CentnscUB  hameroBiu 
south,  and  reappears  in  Tasmania     The  allied  C.  gracUis  is 
one  of  the  fishes  common  to  the  Mediterranean  and  Japanese 
Seas.    The  species  figured  C  humenmis  occurs  on  the  coast 
of  South  Australia  and  is  very  scarce 

Amphisile. — Body  elongate  strongly  compressed,  provided 
with  a  dorsal  cuirass,  which  is  formed  by  portions  of  the  skele- 
ton ;  the  longitudinal  axis  of  the  tail  is  not  m  the  same  line 
with  that  of  the  trunk  Scales  none  Teeth  none.  Two  dorsal 
fins  situated  on  the  hmdmost  part  of  the  back ;  ventral  fins 
rudimentary,  abdommal     Three  or  four  branchiostegals. 
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The  three  species  known  of  this  genus  are  found  in  the 
tropical  Indo-Pacific.  Their  body  is  so  thin  that  it  has  the 
appearance  of  being  artificially  compressed  between  two 
sheets  of  paper;  it  is  semi-transparent,  especially  in  the 
region  of  the  air-bladder.  The  structure  of  the  vertebral 
column  is  extremely  singular  and  unique  among  Acanihop- 
terygians.  The  abdominal  portion  is  more  than  four  times 
as  long  as  the  caudal ;  nevertheless  it  is  composed  of  only 
six  vertebrae,  whilst  the  latter  consists  of  fourteen.  The 
abdominal  vertebrte  are  extremely  slender,  the  third  alone 
being  nearly  as  long  as  the  whole  caudal  portion ;  they  have 
a  slight  ridge  superiorly  and  inferiorly,  and  on  each  side  ;  the 
whole  portion  l^ing  in  the  uppermost  conca\ity  of  the  dorsal 
cuirass.  The  caudal  vertebrae  are  extremely  short,  and  the 
strength  of  their  neural  and  haemal  spines  is  in  proportion  to 
their  size.  The  dorsal  cuirass  is  not  a  dermal  production, 
but  formed  by  modified  parts  of  the  endoskeleton ;  its  com- 
position, the  number  and  condition  of  its  single  parts,  and, 
finally,  the  first  dorsal  spine,  which  in  A.  jmncttdata  is  so 
singularly  attached  to  it,  favour  this  opinion.  The  plates, 
which  occupy  the  vertebral  line,  would  correspond  to  the 
neural  spines,  and  the  lateral  plates  on  wliich  the  ribs  are 
suspended  to  the  parapophyses.  Amj)hisile  may  be  con- 
sidered as  a  Chelonian  form  among  fishes. 

Fourteenth  Division — Acanthopterygu  Gobiesociformes. 

Xo  spinalis  dorsal;  the  soft  and  the  anal  short  or  of 
moderate  length,  situated  on  the  tail ;  ventral  fins  siibju^lar, 
with  an  adhesive  apjxtratus  between  them.     Body  naked. 

These  fishes  are  well  characterised  by  their  single  dorsal 
fin,  and  by  their  adhesive  ventral  apparatus,  which  has  only 
an  external  similarity  to  the  organ  observed  in  Cydofpttrm 
and  TAparis;    its   structure   is   typically  different  from   it 
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Whilst  in  those  genera  the  ventral  fins  occupy  the  centre  of 
the  disk  forming  its  base,  these  fins  are  here  widely  apart 
from  each  other,  as  in  Ccdlionymus,  forming  only  a  portion  of 
the  periphery  of  the  disk,  which  is  completed  by  a  cartila- 
ginous expansion  of  the  coracoid  bones.  The  following 
description  of  its  structure  is  taken  from  Sicyases  sanguineus^ 
but  it  is  essentially  the  same  in  aU  the  genera. 

The  whole  disk  is  exceedingly  large,  subcircular,  longer 
than  broad,  its  length  being  one-third  of  the  whole  length  of 
the  fish.  The  central  portion  is  formed  merely  by  skin, 
which  is  separated  from  the  pelvic  or  pubic  bones  by  several 
layers  of  muscles.  The  peripheric  portion  is  divided  into  an 
anterior  and  posterior  part  by  a  deep  notch  behind  the 
ventrals.  The  anterior  peripheric  portion  is  formed  by  the 
four  ventral  rays,  the  membrane  between  them,  and  a  broad 
fringe  which  extends  anteriorly  from  one  ventral  to  the  other ; 
this  fringe  is  a  fold  of  the  skin,  containing  on  each  side  the 
rudimentary  ventral  spine,  but  no  cartilage.  The  posterior 
peripheric  portion  is  suspended  on  each  side  from  the 
coracoid,  the  upper  bone  of  which  is  exceedingly  broad,  be- 
coming a  free  movable  plate  behind  the  pectoral.  A  broad 
cartilage  is  firmly  attached  to  it.  The  lower  bone  of  the 
coracoid  is  of  a  triangular  form,  and  supports  a  very  broad 
fold  of  the  skin,  extending  from  one  side  to  the  other,  and 
containing  a  cartilage  which  runs  through  the  whole  of  that 
fold.  Five  processes  of  the  cartilage  are  continued  into  the 
soft  striated  margin  in  which  the  disk  terminates  posteriorly. 
The  surface  of  the  disk  is  coated  with  thick  epidermis,  like 
the  sole  of  the  foot  of  higher  animals.  The  epidermis  is 
divided  into  many  polygonal  plates ;  there  are  no  such  plates 
between  the  roots  of  the  ventral  fins. 

Not  less  unique  is  the  structure  of  the  bones  which  have 
some  relation  to  this  external  adhesive  apparatus.  As  exempli- 
fied by  Chorismochisnins  dentex  the  coracoid  is  well  developed. 
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and,  as  usual,  composed  of  two  pieces,  the  upper  of  which  is 
not  suspended  from  the  humerus,  but  fixed  by  a  ligament  to 
the  hinder  margin  of  the  carpal  bones.     It  is  a  broad  lamella, 
dilated  posteriorly  into  the   cartilage,  which   is    externally 
visible ;  the  lower  piece  is  narrower,  and  fixed  to  the  extremity 
of  the  pubic  bone  of  its  side.    The  pubic  bones  are  united  by 
suture,  and  form  together  a  heart-shaped  disk,  the  point  of 
which  is  produced  backwards.     The  anterior  portion  of  the 
disk  is  concave,  with  a  bony  longitudinal  bridge  and  a  feeble 
transverse  ridge.     The  disk  is  fixed  to  the  humeral  bones  by 
the  convex  portions  of  its  anterior  margin,  whilst  the  convex 
portions  of  the  lateral  margins  serve  as  base  for  the  ventral 
fins.     The  latter  are  composed  of  one  spine,  which  is  trans- 
formed into  a  broad,  thin,  and  curved  plate,  hidden  below  the 
skin,  and  apparently  of  four  rays ;  but  on  closer  examination 
we   find   that   the   hidden   ray   has   a   longitudinal  groove 
anteriorly,   in   which   another  thinner  ray  lies    concealed. 
This  ray  is  quite  free,  and  not  joined  to  the  pubic  bone. 

The  fishes  belonging  to  the  single  family  of  this  division, 
Gdbiesoddw,  are  strictly  marine  but  littoral  fishes.  They  are 
scattered  over  the  temperate  zones  of  both  hemispheres, 
and  more  nimierous  than  between  the  Tropics.  All  are  of 
small  or  very  small  size. 

The  adhesive  disk  consists  of  an  anterior  and  posterior 
division.     In  some  of  the  genera  the  posterior  division  has  no 


Fig,  232. — Grobiesox  cephalus. 

free  anterior  margin,  the  teeth  being  either  all  conical,  as  in 
Chorisochismus  (Cape  of  Good  Hope)  and  Cotylis  (Eed  Sea 
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and  Indian  Ocean) ;  or  incisor-like  in  both  jaws,  as  in  Sicycaea 
(coast  of  Chili  and  West  Indies) ;  or  incisor-like  at  least  in 
the  lower  jaw,  as  in  Qohieaox  (West  Indies  and  Pacific  coasts 
of  South  America).  In  other  genera  the  posterior  portion  of 
the  adhesive  disk  has  a  free  anterior  margin.  Only  one  of 
these  genera  has  incisor-like  teeth,  viz.  Diplocrepis  from  New 


Fig.  2S3. — Diplocrepis  puuiceiu. 
Zealand.  In  the  remaining  genera,  Crepidogasler  (from  Tas- 
mania and  South  Australia),  Trachelochismtis  (from  New 
Zealand  and  the  Fiji  Islands),  Lepadogaster,  and  Leptoplery- 
ffias,  the  teeth  are  veiy  small  and  line.  The  two  last  genera 
are  European,  and  Lepadogaster  at  least  is  common  on  the 
Southern  British  coasts.  Tlie  three  species  known  as  British 
— /.  gouanii,  L.  cavdoUii,  and  L.  bimaculatus — are  prettily 
coloured,  but  subject  to  great  variation. 

Fifteenth  Division — Acanthoptebygu  CHANKiFoaHEB. 

£odJ/  elongate,  covered  with  scales  of  moderate  size;  no 
spine  in  any  of  Ihe-  fins ;  dorsal  and  anal  long.  No  super- 
branchial  organ,  only  a  "bony  prominence  on  the  anterior  sur- 
face of  the  hyomandibvlar. 

These  fishes  belong  to  the  single  family  Ophiocephalidce, 
Freshwater- fishes  characteristic  of  the  Indian  region,  which, 
however,  have  found  their  way  into  Africa,  where  they  are 
represented  by  one  or  two  species.  Thirty-one  species  are 
known  altogether,  most  of  which  are  extremely  abundant; 
some  attain  to  a  length  of  more  than  two  feet.  Like  other- 
2l 
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tropical  fireshwater  fishes,  they  aie  able  to  survive  droogl^Hits, 
living  in  semi-fluid  mud,  or  lying  in  a  torpid  state  below  —  the 
hard-baked  crusts  of  the  bottom  of  a  tank  from  which  ev^^rtiy 
every  drop  of  water  has  disappeared.  Respiration  is  proba^^ftly 
entirely  suspended  during  the  state  of  torpidity,  but  wh~  Tint 
the  mud  is  still  soft  enough  to  allow  them  to  come  to  ^*be 
Burfiice,  they  rise  at  intervals  to  take  in  a  quantity  of  air,  by 
means  of  which  their  blood  is  oiygenised.  This  habit  Krm 
been  observed  in  some  species  to  continue  also  to  the  per:£  °"- 


Tig.  234.— OpbiocepbUiu  rtrUtni,  ladia. 
of  the  year  in  which  the  fish  lives  in  normal  water,  and  in^^""^ 
viduals  which  are  kept  in  a  basin  and  prevented  hom  comii^^^^ 
to  the  surface  and  renewing  the  air  for  respiratory  purpos^^^*^ 
are  suffocated.    The  particular  manner  in  which  the  accessor^^^ 
branchial  cavity  participates  in  respiratory  functions  is  no^^ 
known.     It  is  a  simple  cavity,  without  an  accessory  branchia-^ — 
organ,  the  opening  of  which  ia  partly  closed  by  a  fold  of  thtf 
mucous  membrane. 

Sixteenth  Division — AcANXHOPTEKYon  LABYttmrm- 

BRANCHIL 
Sody  compressed,  dbltmg  or  elevated,  udth  tealea  of  modertU^^ 
sine.    A  superbranchial  organ  in  a  cavity  accessory  to  that  oj 
ike  gills. 

First  Family — ^Labyristhicl 
Dorsal  and  anal  spines  present,  hit  in  variaile  numbers  ,- 
vmtrals  thoracic.     Lateral  line  absent,  or  more  or  less  distinctly 
interrupted.     Qill-openivg  rather  narrow,  iht  giU-^membraae^ 
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of  ioih  sides  coalescent  below  the  Uthm/us,  and  scaly  ;  gills  four  ; 
psetiddbranchice  rudimejUary  or  ahstnt. 

Freshwater-fishes  of  the  Cyprinoid  division  of  the  Equa- 
torial zone.  They  possess  the  faculty  of  being  able  to  live 
for  some  time  out  of  the  water,  or  in  thick  or  hardened  mud, 
in  a  still  greater  degree  than  the  fishes  of  the  preceding 
family.  In  the  accessory  branchial  cavity  there  is  lodged  a 
laminated  organ  which  evidently  has  the  function  of  assist- 
ing in  the  oxygenisation  of  the  blood.  In  Ariahas  it  is  formed 
by  several  exceedingly 
thin  bony  laminae,  similar 
in  form  to  the  auricle, 
and  concentrically  situ- 
ated one  above  the  other, 
the  innermost  being  the 
largest.  The  degree  in 
which  these  lamina  are 
developed  is  dependent 
on  age.  In  specimens 
from    one    inch    and    a   ^■285.-Sup«br««j>i,iorg«iof  Amtbu. 

half  to  two  inches  and  a  half  loi^  there  are  only  two 
such  laminiT,  a  third  being  indicated  by  a  small  protuber- 
ance at  the  central  base  of  the  second  or  outer  lamiuse.  In 
specimens  of  from  three  to  four  inches  in  length  the  third 
lamina  is  developed,  covering  one-half  of  the  second.  The 
edges  of  all  the  laminee  are  straight,  not  valanced.  In  speci- 
mens of  from  four  to  five  inches  a  fourth  lamina  makes  its 
appearance  in  the  basal  centre  of  the  third  lamina.  The 
other  laminfe  continue  to  grow  in  their  circumference,  and 
their  edges  now  become  undulated  and  slightly  friUed. 
Cuvier  and  Valenciennes  have  examined  still  larger  speci- 
mens. The  figure  given  by  them  and  reproduced  here  was 
taken  from  a  specimen  six  or  seven  inches  long,  and  shows 
the  superbrancbial  organ  composed  of  six  laminie. 
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The  air-bladder  of  the  majority  of  these  fishes  is  very 
large,  extending  far  into  the  tail,  and,  therefore,  divided  behind 
by  the  hsemal  spines  into  two  lateral  portions. 

The  Labyrintliici  are  generally  of  small  size;  they  are 
capable  of  being  domesticated,  and  some  of  them  deserve 
particular  attention  on  account  of  the  dazzling  beauty  of  their 
colours  or  the  flavour  of  their  flesh. 

An  ABAS. — Body  compressed,  oblong ;  praeorbital  and  orbitals 
serrated.  Small  teeth  in  the  jaws  and  on  the  vomer  ;  none  on 
the  palatines.  Dorsal  and  anal  spines  numerous.  Lateral  line 
interrupted. 

Tlie  "  Climbing  Perch "  {A,  scandens)  is  generally  distri- 
buted over  the  Indian  Region,  and  well  known  from  its 
faculty  of  moving  for  some  distance  over  land,  and  even  up 
inclined  surfaces.  In  1797  Daldorf,  in  a  memoir  communi- 
cated to  the  Linnean  Society  of  London,  mentions  that  in 
1791  he  had  himself  taken  an  Anabas  in  the  act  of  ascending 
a  palm  tree  which  grew  near  a  pond.  The  fish  had  reached 
the  height  of  five  feet  above  the  water,  and  was  going  still 
higher.  In  the  effort  to  do  this  it  held  on  to  the  bark  of  the 
tree  by  the  preopercular  spines,  bent  its  tail,  and  stuck  in  the 
spines  of  the  anal ;  then  released  its  head,  and,  raising  it,  took 
a  new  hold  with  the  preoperculum  higher  up.  The  fish  is 
named  in  the  Malayan  language  the  "Tree  Climber."  It 
rarely  attains  a  length  of  seven  inches. 

Spirohranchns  from  the  Cape,  and  Ctenopoma  from  Tropical 
Africa,  represent  Anabas  in  that  continent. 

POLYACANTHUS. — Body  compressed,  oblong;  operculum  with- 
out spines  or  serrature ;  cleft  of  the  mouth  small,  more  or  less 
oblique,  not  extending  beyond  the  vertical  from  the  orbit,  and 
little  protractile.  Small  fixed  teeth  in  the  jaws,  none  on  the 
palate.  Dorsal  and  anal  spines  numerous ;  the  soft  dorsal  and 
anal,  the  caudal,  and  the  ventral,  more  or  less  elongate  in  mature 
specimens.    Caudal  rounded.    Lateral  line  interrupted  or  absent 
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This  genus  is  represented  chiefly  in  the  'East  Indian 
Archipelago ;  seven  species  are  known ;  some  of  them  have 
been  domesticated  on  account  of  the  beauty  of  their  colours, 
and  several  varieties  have  been  produced.  One  of  them  ia  to 
be  mentioned,  as,  under  the  name  of  "  Paradise- fish,"  it  has 
been  introduced  into  the  aquaria  of  Europe,  where  it  readily 
breeds.  It  was  known  already  to  Lact^pMe,  aud  has  been 
mentioned  since  his  time  in  all  ichthyological  works  as 
Macropus  viridi-auratus.  In  adult  males  some  of  the  rays, 
and  especially  the  caudal  lobes,  are  much  proloi^ed. 

OsPHROMBNUS, — Body  compressed,  more  or  less  elevated  j 
operculum  without  spine  or  serrature.  Small  fixed  teeth  in  the 
jaws,  none  on  the  palate.  Dorsal  spines  in  small  or  moderate 
number ;  anal  spines  in  moderate  or  great  number ;  ventral  fins 
with  the  outer  ray  very  long,  filiform.  Lateral  line  not  inter- 
rupted or  absent. 

To  this  genus  belongs  the  celebrated  "  Gourami "  {Oaphro- 
menus  olfax),  reputed  to  be  one  of  the  heat  flavoured  Fresh- 


Fig.  236. — OBphromenua  olfax. 
water- fishes  in  the  East-Indian  Archipelago.  Its  original 
home  is  Java,  Sumatra,  Borneo,  and  several  other  islands; 
but  thence  it  has  been  transported  to,  and  acclimatised  in, 
Penang,  Malacca,  Mauritius,  and  even  Cayenne,  Being  an 
almost  omnivorous  fish  and  tenacious  of  life,  it  seems  to 
recommend  itself  particularly  for  acclimatisation   in   other 
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tropical  countries,  and  specimens  kept  in  captivity  become,  as 
tame  as  carps.  It  attains  the  size  of  a  large  turbot.  A  second, 
but  much  smaller,  species  of  this  genus,  0,  trichapterus,  is 
frequently  kept  in  vessels  on  account  of  the  exquisite  beauty 
of  its  varying  iridescent  metallic  tints ;  like  other  fishes  of 
this  family  it  is  very  pugnacious. 

Trichogaster,  a  very  common  Bengedese  fish,  differs  from 
Oaphromentis  in  having  the  ventral  fins  reduced  to  a  single 
long  filament. 

Betta. — ^Body  compressed,  oblong ;  operctdum  without  spine 
or  serrature.  Small  fixed  teeth  in  the  jaws,  none  on  the  palate. 
Dorsal  fin  short,  on  the  middle  of  the  back,  without  any  pungent 
spine ;  anal  fin  long.  Ventral  fin  with  five  soft  rays,  the  outer 
one  being  produced.     Lateral  line  interrupted  or  absent. 

A  species  of  this  genus  {B,  pv</nax)  is,  on  account  of  its 
pugnacious  habits,  reared  by  the  Siamese.  Cantor  gives  the 
following  account: — "Wlien  the  fish  is  in  a  state  of  quiet, 
its  dull  colours  present  nothing  remarkable ;  but  if  two  be 
brought  together,  or  if  one  sees  its  own  image  in  a  looking- 
glass,  the  little  creature  becomes  suddenly  excited,  the  raised 
fins  and  the  whole  body  shine  with  metallic  colours  of  dazzling 
beauty,  while  the  projected  gill  membrane,  waving  like  a  black 
friU  round  the  throat,  adds  something  of  grotesqueness  to  the 
general  appearance.  In  this  state  it  makes  repeated  darts  at 
its  real  or  reflected  antagonist.  But  both,  when  taken  out  of 
each  other's  sight,  instantly  become  quiet  This  description 
was  drawn  up  in  1840,  at  Singapore,  by  a  gentleman  who  had 
been  presented  wdth  several  by  the  King  of  Siam.  They  were 
kept  in  glasses  of  water,  fed  with  larvae  of  mosquitoes,  and 
had  thus  lived  for  many  months.  The  Siamese  are  as  in- 
fatuated with  the  combats  of  these  fish  as  the  MalajB  are 
with  their  cock-fights;  and  stake  on  the  issue  considerable 
sums,  and  sometimes  their  own  persons  and  families.  The 
license  to  exhibit  fish-fights  is  farmed,  and  brings  a  con- 
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siderable  annual  revenue  to  the  King  of  Siam.  The  species 
abounds  in  the  rivulets  at  the  foot  of  the  hills  of  Penang. 
The  inhabitants  name  it  'Pla-kat/  or  the  *  Fighting-fish ;' 
but  the  kind  kept  especially  for  fighting  is  an  artificial  variety 
cultivated  for  the  purpose." 

MiCRACANTHUS. — This  genus  represents  the  three  last- 
named  genera  in  Africa,  where  it  has  been  recently  discovered 
in  tributaries  of  the  river  Ogooue.  It  seems  to  differ  from 
the  Indian  genera  chiefly  by  its  more  elongate  body,  the 
structure  of  the  fins  being  scarcely  different  (D.  ■^,  A.  -g^,  V.' J). 

Second  Family — Luciocephalidjs. 

Body  elongate,  covered  with  scales  of  moderate  size.  Laie-^ 
ral  line  present.  Teeth  small.  Gill-opening  wide ;  pseudo- 
branchicB  none.  Hie  superhranchial  organ  is  formed  by  two 
branchial  arches,  which  are  dilcUed  into  a  membrane.  One 
short  dorsal  fin ;  dorsal  and  anal  spines  none  ;  ventraJs  com- 
posed  of  one  spine  and  Jive  rays.    Air-bladder  none. 

A  small  Freshwater-fish  {Luciocephalibs  pvlcher),  from  the 
East-Indian  Archipelago. 

.  Seventeenth  Division — Acanthopterygii  lophotiformes. 

Body  riband  shaped^  with  the  vent  near  its  extremity ;  a 
short  anal  behind  the  vent ;  dorsal  fin  as  long  as  the  body. 

Only  one  species  is  known  of  this  division  or  family, 
Lophotes  cepedianus.  It  is  most  probably  a  deep-sea  fish,  but 
does  not  descend  to  so  great  a  depth  as  the  Trachypteridce, 
its  bony  and  soft  parts  being  well  coherent.  It  is  a  scarce 
fish,  hitherto  found  in  the  Mediterranean,  off  Madeira,  and  in 
the  Sea  of  Japan ;  its  length  is  known  to  exceed  five  feet. 
The  head  is  elevated  into  a  very  high  crest,  and  the  dorsal 
fin  commences  with  an  exceedingly  strong  and  long  spine  on 
the  head.    Silvery,  with  rose-coloured  fins. 


Eighteenth  Divibios — AcANTHOPTEBYGn  T.£NIIF0BHES. 

Body  riband  shaped ;  dorsal  fin  as  Iotu}  as  the  "body  ;  anal 
absent ;  caudaX  rudimetUary,  ornotinihe  longitudinal  axis  of 
the  fish. 

The  "  Ribbon-fishes  "  are  true  deep-sea  fishes,  met  with  in 
aU  parte  of  the  oceans,  generally  found  when  floating  dead  on 
the  surface,  or  thrown  ashore  by  the  waves.  Their  body  is  like 
a  band,  specimens  of  from  fifteen  to  twenty  feet  long  being 
from  ten  to  twelve  inches  deep,  and  about  an  inch  or  two 
broad  at  their  thickest  part.  The  eye  is  laige  and  lateral; 
the  mouth  small,  armed  with  very  feeble  teeth ;  the  head 
deep  and  short.  A  high  dorsal  fin  runs  along  the  whole 
length  of  the  back,  and  is  supported  by  extremely  numerotu 


Fig.  237. — Tracbrptcnu  tenia. 

rays ;  its  foremost  portion,  on  the  head,  is  detached  from  the 
rest  of  the  fin,  and  composed  of  very  elongate  flexible  spines. 
The  anal  fin  is  absent.  The  caudal  fin  (if  preserved,  which 
is  rarely  the  case,  in  adult  specimens)  has  an  extra-axial  posi- 
tion, being  directed  upwards  like  a  fan.  The  ventrala  are 
thoracic,  either  composed  of  several  rays  or  reduced  to  a  single 
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long  filament.  The  coloration  is  generally  silvery,  with  rosy 
fins. 

When  these  fishes  reach  the  surface  of  the  water  the 
expansion  of  the  gases  within  their  body  has  so  loosened  all 
parts  of  their  muscular  and  bony  system,  that  they  can  be 
lifted  out  of  the  water  with  difficidty  only,  and  nearly  always 
portions  of  the  body  and  fins  are  broken  and  lost.  The  bones 
contain  very  little  bony  matter,  are  very  porous,  thin  and 
light  At  what  depths  Ribbon-fishes  live  is  not  known ;  pro- 
bably the  depths  vary  for  different  species;  but  although 
none  have  been  yet  obtained  by  means  of  the  deep-sea 
dredge,  they  must  be  abundant  at  the  bottom  of  all  oceans,  as 
dead  fishes  or  fragments  of  them  are  frequently  obtained. 
Some  writers  have  supposed  from  the  great  length  and  nar- 
row shape  of  these  fishes  that  they  have  been  mistaken  for 
"  Sea-serpents ;"  but  as  these  monsters  of  the  sea  are  always 
represented  by  those  who  have  had  the  good  fortune  of  meet- 
ing with  them  as  remarkably  active,  it  is  not  likely  that 
harmless  Eibbon-fishes,  which  are  either  dying  or  dead,  have 
been  the  objects  described  as  "  Sea-serpents." 

Young  Ribbon-fishes  (from  two  to  four  inches)  are  not 


Fig.  238. — Young  Trachypterus. 

rarely  met  with  near  the  surface ;  they  possess  the  most 
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extraordinary  development  of  fin  rays  observed  in  the  whole 
class  of  fishes,  some  of  them  being  several  times  longer  than 
the  body,  and  provided  with  lappet-like  dilatations.  There  is 
no  doubt  that  fishes  with  such  delicate  appendages  are  bred 
and  live  in  depths  where  the  water  is  absolutely  quiet,  as  a 
sojourn  in  the  disturbed  water  of  the  surface  would  deprive 
them  at  once  of  organs  which  must  be  of  some  utility  for 
their  preservation. 

Eibbon-fishes  are  divided  into  three  genera : — 

Trachypterus. — In  which  the  ventral  rays  are  well  deve- 
loped, and  composed  of  several  more  or  less  branched  rays. 
Specimens  of  this  genus  have  been  taken  in  the  Mediter- 
ranean, Atlantic,  at  Mauritius,  and  in  the  Eastern  Pacific 
The  "  Deal- fish"  {T,  arcticus)  is  often  met  with  in  the  North 
Atlantic,  and  specimens  are  generally  found  after  the  equi- 
noctial gales  on  the  coasts  of  the  Orkneys  and  North  Britain. 

Stylophorus. — Without  ventrals,  and  with  the  tail  termin- 
ating in  an  exceedingly  long  cord-like  appendage.  Known 
from  one  specimen  only,  found  at  the  beginning  of  this  cen- 
tury  between  Cuba  and  Martinique.  It  is  eleven  inches  long, 
and  preserved  in  the  Museum  of  the  Eoyal  CoUege  of  Sur- 
geons in  London. 

Regalecus, — ^Each  ventral  fin  is  reduced  to  a  long  filament, 
dilated  at  the  extremity ;  caudal  fin  rudimentary  or  absent 
These  are  the  largest  of  aU  Eibbon-fishes,  specimens  being  (m 
record  the  length  of  which  exceeded  twenty  feet.  They  have 
been  taken  in  the  Mediterranean,  North  and  South  Atlantic, 
Indian  Ocean,  and  on  the  coast  of  New  Zealand.  They  are 
frequently  called  "  Kings  of  the  herrings,"  from  the  erroneous 
notion  that  they  accompany  the  shoals  of  herrings ;  or  "  Oar- 
fishes,"  from  their  two  ventral  fins,  which  have  a  dilatation 
at  their  extremity  not  unlike  the  blade  of  an  oar.  One  or 
more  species  {R,  banksii)  are  sometimes  found  on  the  British 
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coasts,  but  they  are  very  scarce,  not  more  than  sixteen  cap- 
tures having  been  recorded  between  the  years  1759  and 
1878. 

Nineteenth  Division — AcANTHOPTERYGn  Notacanthi- 

FORMES. 

Dorsal  fin  short,  composed  of  short,  isolated  spines,  wUhout 
a  soft  po7iion.  Anal  fin  very  long,  anteriorly  with  many 
spines  ;  ventrals  abdominal,  with  more  than  five  soft  and  several 
unartictdated  rays, 

Notacanthits  is  the  most  aberrant  type  of  Acanthoptery- 
gians.  Of  the  characteristics  'of  this  order  the  development 
of  spines  in  the  vertical  fins  is  the  only  one  preserved  in  the 
fishes  of  this  genus.  Their  body  is  elongate,  covered  with 
very  small  scales;  the  snout  protrudes  beyond  the  mouth. 
Eyes  lateral,  of  moderate  size ;  dentition  feeble.  Five  species 
are  known  from  the  Arctic  Ocean,  Mediterranean,  Atlantic, 
and  Southern  Pacific.  They  inhabit  considerable  depths, 
probably  from  100  to  400  fathoms,  and  during  the  "Chal- 
lenger" expedition  specimens  have  been  obtained  fix)m  an 
alleged  depth  of  1875  fathoms. 

SECOND  OEDER : 
ACANTHOPTERYGII  PHARYNGOGNATHI. 

Part  of  tlie  rays  of  the  dorsal,  anal,  and  ventral  fins  are 
rum-articulated  spines.  The  lower  pharyngeals  coalesced.  Air- 
bladder  without  pneumatic  duct. 


ilg.  239. — Coalescent  Pharyngeals  of  Scams  cretensis. 
a,  upper ;  h,  lower  pharyngeals. 


First  Family — Pomacektrid^ 

Body  short,  coin-pressed,  covered  with  ctenoid  scales.  Den- 
tition feeble ;  palate  smooth.  The  lateral  lirie  does  not  extend 
to  the  cavdai  fin,  or  is  interrupted.  One  dorsal  fin,  with  the 
spinous  portion  as  well  developed  as  the  soft,  or  more.  Two, 
sometimes  three,  anal  spines ;  the  soft  anal  similar  to  the  sojt 
dorsal.  Ventral  fins  thoracic,  with  one  spine  and  five  soft  rays. 
Gills  three  and  a  half;  pseiiddbranchUe  and  air-bladder  pre- 
sent.    Vertebrw,  twelve  abdominal  and  fourte&i  cavdai. 

The  fishes  of  this  famOy  are  marine ;  they  resemhie  the 
Chsetodouts  with  regard  to  their  mode  of  life,  living  chiefly  in 
the  neighbourhood  of  coral  formations.  Like  them  they  are 
beautifully  coloured,  the  same  patterns  being  sometimes 
reproduced  in  members  of  both  families,  proving  that  the 


Fig.  210.— DaacfUdB  aniBDiu.     Nstunil  size,  fVom  the  Inao-PwnGc. 


development  and  distribution  of  coloure  is  due  to  the  agencis 
of  climate,  of  the  surroundings  and  of  the  habits  of  animals- 
The  geographical  range  of  the  PomacentridcB  is  co-eitensive 
■with  that  of  the  Chietodonts,  the  species  being  most  numer- 
ous in  the  Indo-Pacific  and  Tropical  Atlantic,  a  few  exteud- 
ing  northwards  to  the  Mediterranean  and  Japan,  southwards 
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to  the  coasts  of  South  Australia.  They  feed  chiefly  on  small 
marine  animals,  and  such  as  have  compressed  teeth  appear  to 
feed  on  the  small  Zoophytes  covering  the  banks,  round  which 
these  "  Coral-fishes  "  abound.  In  a  fossil  state  this  family  is 
known  from  a  single  genus  only,  Odonteus,  from  Monte  Bolca, 
allied  to  ffeliastes.  The  recent  genera  belonging  to  this 
family  are : — Amphiprion,  Premnas,  BascyUus,  Lepidozygus, 
Pomncentrus,  GlyphidodoUy  ParTna,  and  Heliastes.  About  120 
species  are  known. 

Second  Family — LABRiDiE. 

Body  oblong  or  elongate,  covered  ivith  cycloid  scales.  The 
lateral  line  extends  to  tJie  caudal,  or  is  interrupted.  One  dorsal 
Jin,  until  the  spinous  portion  as  well  developed  as,  or  mo^^e  than, 
the  soft.  The  soft  anal  similar  to  the  soft  dorsal.  Ventral  fins 
thoracic,  with  one  spine  and  five  soft  rays.  Palate  without 
teeth.  Branchiostegals  five  or  six;  gills  three  and  a  half ; 
pseudobranchice  and  air-bladder  present.  Pyloric  appendages 
noiu ;  stoinaeh  without  ccccal  sac. 

The  "  Wrasses  "  are  a  large  family  of  littoral  fishes,  very 
abundant  in  the  temperate  and  tro- 
pical zones,  but  becoming  scarcer  to- 
wards the  Arctic  and  Antarctic  circles, 
where  they  disappear  entirely.  Many 
of  them  are  readily  recognised  by 
their  thick  lips,  which  are  sometimes 
internally  folded,  a  peculiarity  which 
has  given  to  them  the  German  term  Fig.  241.— Lips  of  a  Wrasse, 
of  "lip-fishes."      They  feed  chiefly  Labms festimis, 

on  mollusks  and  crustaceans,  their  dentition  being  admirably 
adapted  for  crushing  hard  substances.  Many  species  have 
a  strong  curved  tooth  at  the  posterior  extremity  of  the 
intermaxillary,  for  the  purpose  of  pressing  a  shell  against 
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the  lateral  and  front  teeth  by  which  it  is  crushed.      Other 
Wrasses  feed  on  corals,  others   on  zoophytes;    a  few  are 
herbivorous.     In  all  Wrasses  the  upper  pharyngeal  bones 
seem  to  be  jointed  to  the   basi-occipital ;   but   whilst  in 
LahrxLs  the  basi-occipital  is  raised  on  each  side  into  a  large 
flattish    condyle,  fitting    into    a  concavity  of   the     upper 
pharyngeals,  in  Scams  the  mode  of  articulation  is  reversed, 
the  basi-occipital  having   a  pair  of  long  grooves,  in  which 
the  oblong  condyles  of  the  upper  pharyngeals  slide  for- 
wards and  backwards.      Beautiful  colours  prevail  in  this 
family,  permanent  pigmentary  colours  as  well  as  passing 
iridescent  reflections  of  the  scales.     Some  species  remain  very 
small,  others  grow  to  a  weight  of  fifty  pounds.     The  larger 
kinds  especially  are  prized  as  food,  the  smaller  less  so. 

Remains  of  Labridae,  recognised  by  their  united  pharyn- 
geals, which  bear  molar-like  teeth,  are  not  scarce  in  teitiaiy 
formations  of  France,  Germany,  Italy,  and  England.  Such 
remains  from  Monte  Bolca  and  the  Swiss  Molasse  have  been 
referred  to  the  genus  Labrus.  Others,  Nummopalatus  and 
Phyllodtis,  are  alKed,  but  cannot  be  assigned,  to  one  of 
the  recent  genera ;  the  latter  genus  is  first  represented  in 
cretaceous  formations  of  Germany.  Another  genus,  Taurinuhr 
thySy  from  the  Miocene  of  France,  represents  the  OcUudna  of 
the  living  fauna.  Egertonia,  from  the  Isle  of  Sheppey,  diSeis 
so  much  from  all  recent  Labroid  genera  that  its  pertinence  to 
this  family  appears  doubtfuL 

[See  J,  Cocchif  Monografia  del  Pharyngodopilidae,  1866 ;  and  E,  Sauvagi, 
Sur  le  genre  Nummopalatus,  in  BulL  Soc  GeoL  France,  1875.] 

Labrus. — ^Body  compressed,  oblong,  covered  with  scales  of 
moderate  size,  in  more  than  forty  transverse  series ;  snout  more 
or  less  pointed;  imbricate  scales  on  the  cheeks  and  opercles; 
none  or  only  a  few  on  the  interoperculum.  Teeth  in  the  jaws 
conical,  in  a  single  series.  Dorsal  spines  numerous,  thirteen  or 
twenty-one,  none  of  which  are  prolonged;  anal  spines  three. 
Lateral  line  not  interrupted. 
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Young  "  Wrasses  "  differ  fix)m  mature  specimens  in  having 
the  praeoperculum  serrated.  The  headquarters  of  this  genus 
are  the  Mediterranean,  whence  it  ranges,  gradually  diminish- 
ing towards  the  north,  along  all  the  shores  of  Europe.  Nine 
species  are  known;  British  are  the  "Ballan  Wrasse"  (Z. 
Toacviatus),  and  the  "Striped  or  Eed  Wrasse"  or  "Cook" 
(i.  mixtiLs),  The  two  sexes  of  the  latter  species  are  very 
differently  coloured ;  the  male  being  generally  ornamented 
with  blue  streaks,  or  a  blackish  band  along  the  body,  whilst 
the  female  has  two  or  three  large  black  blotches  across  the 
back  of  the  tail. 

Crenilabrus  are  Labrus  with  serrated  prseoperculum ;  the 
number  of  their  dorsal  spines  varies  from  thirteen  to  eighteen, 
and  the  scales  are  arranged  in  less  than  forty  transverse  series. 

The  range  of  this  genus  is  coextensive  with  Ldbras,     C. 

melops,  the  "  Gold-sinny,"  or  "  Cork- wing,"  is  common  on  the 

British  coasts. 

Tautoqa. — Body  compressed,  oblong,  covered  with  small 
scales ;  scales  on  the  cheek  rudimentary,  opercles  naked.  Teeth 
in  the  jaws  conical,  in  double  series ;  no  posterior  canine  tooth. 
Dorsal  spines  seventeen,  anal  spines  three.  Lateral  line  not 
interrupted.  ^ 

The  "  Tautog,"  or  "  Black-fish,"  is  common  on  the  Atlantic 

coasts  of  temperate  North  America,  and  much  esteemed  as 

food. 

Ctenolabrus. — Body  oblong,  covered  with  scales  of  moder- 
ate size ;  imbricate  scales  on  the  cheeks  and  opercles.  Teeth  in 
the  jaws  in  a  band,  with  an  outer  series  of  stronger  conical  teeth; 
no  posterior  canine  tooth.  Dorsal  spines  from  sixteen  to  eighteen ; 
anal  spines  three.     Lateral  line  not  interrupted. 

Four  species,  from  the  Mediterranean  and  the  temperate 

parts  of  the  North  Atlantic,  Ct.  rupestris  being  common  on 

the  British,  and  Ct  burgcUl  on  the  North  American  coasts. 
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AcANTHOLABRUS.^r-A  Wrasse  with  five  or  six  anal  spines, 
and  with  the  teeth  in  a  band. 

From  the  Mediterranean  and  British  coasts  (A.  pallani). 

Centrolabrus. — Wrasses  with  four  or  five  anal  spines^  and 
with  the  teeth  in  a  single  series. 

Two  species  are  known  from  Madeira  and  the  Canaiy 

Islands,  and  one  from  northern  Europe  and  Greenland.     The 

latter  is  scarce  on  the  British  coasts,  but  bears  a  distinct 

name  on  the  south  coast,  where  it  is  called  "  Eock-cook." 

Lachnolaemus  from  the  West  Indies,  and  Malacopterus 
from  Juan  Fernandez,  are  Labroids,  closely  allied  to  the  pre- 
ceding North  Atlantic  genera. 

CosSYPHUS. — Body  compressed,  oblong,  with  scales  of  moder- 
ate size ;  snout  more  or  less  pointed ;  imbricate  scales  on  the 
cheeks  and  opercles;  basal  portion  of  the  vertical  fins  scaly. 
Lateral  line  not  interrupted.  Teeth  in  the  jaws  in  a  sin^e 
series  ;  four  canine  teeth  in  each  jaw  anteriorly ;  a  posterior 
canine  tooth.     Formula  of  the  fins  :  D.  -^zji,  A.  f\. 

Twenty  species  are  known  from  the  tropical  zone  and 
coasts  adjoining  it;  some,  like  C.  gmddii  from  Tasmania, 
attain  a  length  of  three  or  four  feet. 

CiiiLiNUS. — Body  compressed,  oblong,  covered  with  large 
scales  ;  lateral  line  interrupted  ;  cheeks  with  two  series  of  scales; 
praeoperculum  entire ;  teeth  in  a  single  series,  two  canines  in 
each  jaw ;  no  posterior  canine  tooth ;  lower  jaw  not  produced 
backwards.  Dorsal  spines  subequal  in  length  ;  formula  of  the 
fins :  D.  ^Q_y,  A  f . 

Common  in  the  tropical  Indo-Pacific,  whence  more  than 

twenty  species  are  known.      Hybrids  between  the  different 

species  of  this  genus  are  not  uncommon. 

Epibulus. — Closely  allied  to  the  preceding  genus,  but  with 
a  very  protractile  mouth,  the  ascending  branches  of  the  inter- 
maxillaries,  the  mandibles,  and  the  tympanic  being  much  pro- 
longed. 
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This  fish  (K  insidiator)  is  said  to  seize  marine  animals 
by  suddenly  thrusting  out  its  mouth  and  engulphing  those 
that  come  within  the  reach  of  the  elongated  tube.  It  attains 
a  length  of  twelve  inches,  is  common  in  the  tropical  Indo- 
Pacific,  and  varies  much  in  coloration. 

ANAMPSEa — Distinguished  by  its  singular  dentition,  the  two 
front  teeth  of  each  jaw  being  prominent,  directed  forwards,  com- 
pressed, with  cutting  edge.     D.  -j^,  A.  -j»\. 

Beautifully  coloured  fishes  from  the  tropical  Indo-Pacific 

Ten  species. 

Platyglossus. — Scales  in  thirty  or  less  transverse  series; 
lateral  line  not  interrupted.  A  posterior  canine  tooth.  Dorsal 
spines  nine. 

Small  beautifully  coloured  Coi*al-fishes,  abundant  in  the 
equatorial  zone  and  the  coasts  adjoining  it.  Some  eighty 
species  are  known  (inclusive  of  the  allied  genera  Stethojulis, 
LeptojuliSy  and  Pseitdajidis). 

NovACULA. — Body  strongly  compressed,  oblong,  covered 
with  scales  of  moderate  size ;  head  compressed,  elevated,  obtuse, 
with  the  supero-anterior  profile  more  or  less  parabolic ;  head 
nearly  entirely  naked.  Lateral  line  interrupted.  No  posterior 
canine  tooth.  D.  i\,  A.  -^ ;  the  two  anterior  dorsal  spines 
sometimes  remote  or  separate  from  the  others. 

Twenty-six  species  are  known  from  the  tropical  zone,  and 

the  warmer  parts  of  the  temperate  zones.     They  are  readily 

recognised    by   their    compressed,    knife-shaped   body,   and 

peculiar  physiognomy;   they  scarcely  exceed  a  length  of 

twelve  inches. 

JuLis. — Scales  of  moderate  size ;  lateral  line  not  interrupted. 
Head  entirely  naked.  Snout  of  moderate  extent,  not  produced ; 
no  posterior  canine  tooth.     Dorsal  spines  ten. 

Co-extensive  with  Platyglossus  in  their  geographical  dis- 
tribution, and  of  like  beautiful  coloration  and  similar  habits. 
Some  of  the  most  common  fishes  of  the  Indo-Pacific,  as  J. 
lunariSy  irUdbata,  and  dorsalis,  belong  to  this  genus. 

2  m 
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CoRls. — Scales  small,  in  fifty  or  more  transverse  series ; 
lateral  line  not  interrupted.  Head  entirely  naked.  Dorsal 
spines  nine. 

Twenty-three  species,  distributed  like  Platyglosstis ;  two 
reach  the  south  coast  of  England,  Coris  julis  and  C.  giofredi, 
said  to  be  male  and  female  of  the  same  species.  Some 
belong  to  the  most  gorgeously  coloured  kinds  of  the  whole 
class  of  fishes. 

Genera  allied  to  the  preceding  Labroids  are — Choerops, 
XiphochUuSy  SemicossyphnSy  Trochocopus,  Decodan,  Pteragogits, 
ClepticuSy  IjahrichthySy  Lah'oides,  DuymanHa,  CirrhHabrus, 
Doraionotus,  Pseudochilimis,  HemigymnuSy  Gomphosiis,  Cheilio, 
and  CymohUes, 

PsEHDODAX. — Scales  of  moderate  size  ;  lateral  line  continu- 
ous ;  cheeks  and  opercles  scaly.  Each  jaw  armed  with  two  pairs 
of  broad  incisors,  and  with  a  cutting  lateral  edge ;  teeth  of  the 
lower  pharyngeal  confluent,  pavement-like.     Dorsal  spines  eleven. 

One  species  (P.  mohtc^ensis)  from  the  East  Indian  Archi- 
pelago. 

ScARUS. — Jaws  forming  a  sharj)  beak,  the  teeth  being 
soldered  together.  The  lower  jaw  projecting  beyond  the  upper. 
A  single  series  of  scales  on  the  cheek ;  dorsal  spines  stiflF,  pun- 
gent ;  the  upper  lip  double  in  its  whole  circuit.  The  dentigeroos 
plate  of  the  lower  pharyngeal  is  broader  than  long. 

The  fishes  of  this  genus,  and  tlie  tliree  succeeding,  are 
known  by  the  name  of  "  Parrot- wrasses."  Of  Scarus  one 
species  {S.  cretensis)  occurs  in  the  Mediterranean,  and  nine 
others  in  the  tropical  Atlantic.  The  first  was  held  in  high 
repute  by  the  ancients,  and  Aristotle  has  several  pass- 
ages respecting  its  rumination.  It  was  most  plentiful  and 
of  the  best  quality  in  the  Carpathian  Sea,  between  Crete 
and  Asia  Minor,  but  was  not  imknown  even  in  early  times 
on  the  Italian  coasts,  though  Columella  says  that  it  seldom 
passed  beyond  Sicily  in  his  day.  But  in  the  reign  of 
Claudius,  according  to  Pliny,  Optatus  Elipentius  brought  it 
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from  the  Troad,  and  introduced  it  into  the  sea  between 
Ostium  and  Campagna,  For  five  years  all  that  were  caught 
in  the  nets  were  thrown  into  the  sea  again,  and  from  that 
time  it  was  an  abundant  fish  in  that  locality.  In  the  time  of 
riiny  it  was  considered  to  be  the  first  of  fishes  {Nunc  Scaro 
(kduT  principatm) ;  and  the  expense  incurred  by  Elipentius 
was  justified,  in  tlie  opinion  of  the  Soman  gourmands,  by  the 
extreme  delicacy  of  the  fish.  It  was  a  fish,  said  the  poets, 
whose  very  excrements  the  gods  themselves  were  unwilling 
to  reject.  Its  flesh  was  tender,  agreeable,  sweet,  easy  of 
digestion,  and  quickly  assimilated ;  yet  if  it  happened  to  have 
eaten  an  Aplysia,  it  produced  violent  diarrhtea.  In  short, 
there  is  no  fish  of  which  so  much  has  been  said  by  ancient 
writers.  In  the  present  day  the  Scarus  of  the  Archipelago  is 
considered  to  be  a  fish  of  exquisite  flavour ;  and  the  Greeks 
stiU  name  it  Scaro,  and  eat  it  with  a  sauce  made  of  its  liver 
and  intestines.  It  feeds  on  fucus ;  and  Valenciennes  thinks 
that  the  necessity  for  masticating  its  vegetable  diet  thoroughly, 
and  the  working  of  it  with  that  intent  backwards  and  for- 
wards in  the  mouth,  may  have  given  rise  to  the  notion  of  its 
being  a  ruminant;  and  it  is  certain  that  its  aliment  is  very 
finely  divided  when  it  reaches  the  stomach. 

ScARiCHTHYS. — Difiering  from  Scarus  only  in  having  flexible 
dorsal  spines. 


Fig.  242.— ScMichthyg  nuiituB. 
Two  species  from  the  Indo-1'acific. 
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Callyodon. — Differing  from  Scariehthys  in  having  the  upper 
lip  double  posteriorly  only. 

Nine  species  from  the  tropical  zone. 

PsEUDOSCARUS.  —  Jaws  forming  a  strong  beak,  the  teeth 
being  soldered  together.  The  upper  jaw  projecting  beyond  the 
lower.  Two  or  more  aeries  of  scales  on  the  cheek.  The  denti- 
gerous  plate  of  the  lower  pharj'ngeal  longer  than  broad. 

This  tropical  genus  contains  by  far  the  greatest  nvunber 
of  Scaroid  Wrasses,  some  seventy  species  being  known,  and 
a  still  greater  number  of  names  being  introduced  into  the 
various  Ichthyological  works.  They  are  beautifully  colotired, 
but  the  colours  change  with  age,  and  vary  in  an  extraordinary 
degree  in  the  same  species.  They  rapidly  fade  after  death,  so 
that  it  b  almost  impossible  to  recognise  in  preserved  speci- 
mens the  species  described  from  living  individuals.  Many 
attain  to  a  rather  large  size,  upwards  of  three  feet  in  length. 
The  majority  are  eaten,  but  some  acquire  poisonous  properties 
from  their  food,  which  consists  either  of  corals  or  of  fueus. 

Odax. — The  edge  of  each  jaw  is  sharp,  without  distinct 
teeth.  The  dcntigerous  plate  of  the  lower  pharyngeal  triaognlar, 
much  broader  than  long.  Checks  and  opercles  scaly ;  scales  of 
the  body  small  or  rather  small ;  lateral  line  continuous.  Snout 
conical.     Dorsal  spines  rather  numerous,  flexible. 

Six  species  from  the  coasts  of  Australia  and  New  Zea- 


Fig.  213.— Odox  nidiatua. 
land.      SmalL      The   species  figured   (0.  Tadiatvs)  is  from 
Western  Australia. 
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CoRiDODAX. — Jaws  as  in  Odax,  head  naked.  Scales  of  the 
body  small ;  lateral  line  continuous.  Snout  of  moderate  extent. 
Dorsal  spines  numerous,  flexible. 

The  " JJutter-fish,"  or  "  Kelp-fish  "  of  the  colonists  of  New 
Zealand  {C,  pidlus),  is  prized  as  food,  and  attains  to  a  weight 
of  four  or  five  pounds.  It  feeds  on  zoophytes,  scraping  them 
from  the  surface  of  the  kelp,  with  its  curiously  formed  teeth. 
Its  bones  are  green,  like  those  of  Bdone. 

Olistherops,  from  King  George's  Sound,  has  scales  of 
moderate  size,  but  agrees  otherwise  with  Coi^idodax, 

SiPHONOGNATHUS. — Head  and  body  very  elongate,  snout  long, 
as  in  Fishdaria  ;  upper  jaw  terminating  in  a  long,  pointed,  skinny 
appendage ;  opercles  and  cheeks  scaly ;  scales  of  moderate  size ; 
lateral  line  continuous.  Dorsal  spines  numerous,  flexible.  Jaws 
as  in  Odax ;  the  dentigerous  plate  of  the  lower  pharyngeal  very 
narrow. 

S,  argrjropha^us,  from  King  George's  Sound,  is  the  most 
aberrant  type  of  Wrasses,  whose  principal  characters  are  re- 
tained, but  united  with  a  form  of  the  body  which  resembles 
that  of  a  Pipe-fish. 

Third  Family — EMBiOTociDiE. 

Body  compressed,  elevated  or  ohlonff,  covered  with  cycloid 
scales  ;  lateral  line  continuous.  One  dorsal  fin,  with  a  spivxms 
portion,  and  with  a  scaly  sheath  along  tlte  base,  which  is 
separated  by  a  groove  from  the  other  scales ;  anal  with  three 
spines  and  numerals  rays;  ventral  fins  thoracic,  with  one 
spine  and  five  rays,  ^nall  teeth  in  the  jaws,  none  on  tlie  palate. 
Pseudobranchice  present.  Stomach  siphoned,  pyloric  appendages 
none.     Viviparous, 

Marine  Fishes  characteristic  of  the  fauna  of  the  temperate 
North  Pacific,  the  majority  living  on  the  American  side,  and 
only  a  few  on  the  Asiatic.  AU  are  viviparous  (see  Fig.  70, 
p.  159).    Agassiz  describes  the  development  of  the  embryoes 


534  FISHES. 

as  a  normal  ovarian  gestation,  the  sac  containing  the  young 
not  being  the  oviduct  but  the  ovarian  sheath,  which  fulfils 
the  functions  of  the  ovary.  This  organ  presents  two  modes 
of  arrangement :  in  one  there  is  a  series  of  triangular  mem- 
branous flaps  conununicating  with  each  other,  between  which 
the  young  are  arranged,  mostly  longitudinally,  the  head  of 
one  to  the  tail  of  another,  but  sometimes  with  the  bodies 
curved,  to  the  number  of  eighteen  or  twenty ;  in  the  other, 
the  cavity  is  divided  by  three  membranes  converging  to  a 
point,  into  four  compartments,  not  communicating  with  each 
other  except  towards  the  genital  opening,  the  yoimg  being 
arranged  in  the  same  longitudinal  manner.  The  propor- 
tionate size  of  the  young  is  very  remarkable.  In  a  female 
specimen  10  J  inches  long,  and  4 J  inches  high,  the  young 
were  nearly  3  inches  long  and  1  inch  high.  Seventeen 
species  are  known,  the  majority  of  which  belong  to  Ditrema, 
and  one  to  Hysterocaiyiis,  They  do  not  attain  to  a  large  size, 
varying  from  three-quarters  to  three  pounds  in  weight. 

FouKTH  Family — Chromides. 

Body  elevated,  oblong  or  elonr/ale,  scaly,  the  scales  being 
generally  ctenoid.  Laieral  lin^  intemtpted  or  nearly  so,  Oru 
dorsal  Jin,  with  a  spinous  portion  ;  three  or  more  anal  spines ; 
the  soft  anul  similar  to  the  soft  dorsal.  Ventral  fins  thoracic, 
with  one  spine  and  five  rays.  Teeth  in  the  jaws  small,  palate 
smooth.  Psevdobranchice  none.  Stomach  coecal ;  pyloric  ap- 
pendages nxme. 

Freshwater-fishes  of  rather  small  size  from  the  tropical 
parts  of  Africa  and  America ;  one  genus  from  Western  India. 
The  species  with  lobate  teeth,  and  with  many  circumvolu- 
tions of  the  intestines,  are  herbivorous,  the  other  carnivorous. 

ExROPLua — Body  compressed,  elevated,  covered  with  ctenoid 
scales  of  moderate  size.    Lateral  line  indistinct.    Dorsal  and  anal 
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spines  numerous.  Teetb  compressed,  lobate,  in  one  or  two 
series.  Anterior  prominences  of  the  branchial  arches  not 
numerous,  short,  conical,  hard.  Dorsal  fin  not  scaly. 
Two  species  from  Ceylon  and  Southern  India, 
Chromis. — Body  compressed,  oblong,  covered  with  cj'cloid 
scales  of  moderate  size.  Dorsal  spines  numerous,  anal  spines 
three.  Teeth  compressed,  more  or  less  lobate,  in  one  series. 
Ant^rior^prominences  of  the  branchial  arches  short,  thin,  lamelU- 
form,  non-serrated.     Dorsal  fin  not  scaly. 

Some  twenty  species  are  known  from  the  fresh  waters  of 
Africa  and  Palestine ;  the  most  celebrated  is  the  "  Bulti,"  or 
"  Bolty,"  of  the  Nile,  one  of  the  few  well-flavouied  fishes  of " 


Fig.  214. — Ckromii  andreiT,  from  the  Lake  of  G^Llee. 
that  river ;  it  grows  to  the  length  of  twenty  inches.     Two  or 
three  species  of  this  genus  occur  in  the  Jordan  and  Lake  of 
Galilee. 

Heuicbromis,  differing  from  Chromis  in  having  conical  t«eth 
in  one  or  two  series. 

Ten  species,  the  range  of  which  is  coextensive  with  that 
of  CkTomis.  One  species,  ff.  sacra,  is  abundant  in  the  Lake 
of  Galilee. 

Paretroplus,  differing  from  Hetmchromis  in  having  nine 
anal  spines. 

One  species  from  Madagascar. 
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ACARA. — Body  compresaed,  oblong,  covered  with  cteniMcl 
scales  of  moderate  size.  Dorsal  spines  numerous,  anal  spinea 
three  or  four;  base  of  the  soft  dorsal  nearly  uncovered  by 
scales.  Teeth  in  it  band,  small,  conicaL  Anterior  prominences 
of  the  first  branchial  arch  very  short  tubercles. 

Some  twenty  apeciea  are  known  from  the  fresh  waters  of 
Tropical  America,  A.  himaculcUa  being  one  of  the  most  com- 
mon fishes  of  that  region.     All  are  very  small. 

Heros. — Differing  from  Acara  in  having  more  than  four 
anal  spines. 

Some  fifty  species  are  known  from  the  fresh  waters  of 
"  Tropical  America,  especially  Central  America,  where  almost 
every  lai^e  lake  or  river  is  tenanted  by  one  or  more  peculiar 


Fig.  2iS. — fffjTW  aalvini,  from  Central  America. 
species.     They  are  of  rather  small  size,  rarely  exceeding  a 
length  of  twelve  inches. 

Genera  allied  to  Heros,  and  likewise  from  Tropical 
America,  are  Neetroplus,  MesonaiUa,  Petenia,  Vara,  and  ffygro- 
gon'us. 

ClCHLA. — Form  of  the  body  perch-like.  Scales  small ;  the 
spinous  and  soft  portions  of  the  dorsal  fin  of  nearly  equal  extent, 
and  separated  by  a  notch ;  anal  spines  three.  Each  jaw  with 
a  broad  band  of  villiform  teeth.  The  outer  branchial  arch  with 
lanceolat«  crenulated  prominences  along  its  concave  sida  DorssI 
and  anal  fins  scaly. 

Four  species  from  Brazil,  Guyana,  and  Peru. 
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Crenicichla. — Body  low,  sub-cylindrical ;  scales  small  or 
rather  small.  The  spinous  portion  of  the  dorsal  is  much  more 
developed  than  the  soft,  both  being  continuous,  and  not  separated 
by  a  notch ;  anal  spines  three.  Praeopercular  margin  serrated. 
Each  jaw  with  a  band  of  conical  teeth.  The  outer  branchial 
arch  with  short  tubercles.     Dorsal  and  anal  fins  naked. 

Ten  species  from  Brazil  and  Guyana. 

The  following  genera  complete  the  list  of  South  American 
Chromides :  Cfhcctobranchus,  Mesops,  Satanaperca,  Geopliagus, 
SyTiiphysodoUy  and  Pteraphyllum. 

THIRD  ORDER— ANACANTHINI. 

Vertical  and  ventral  fins  loithout  spinous  rays.  The  ventral 
JinSy  if  present,  are  jxifjular  or  thoracic.  Air-bladder,  if  present, 
with  out  pneumatic  duct. 

These  characters  are  common  to  all  the  members  of  this 
order,  with  the  exception  of  a  freshwater-fish  from  Tasmania 
and  South  Australia  {Gadopsis),  wliich  has  the  anterior  por- 
tion of  the  dorsal  and  anal  fins  formed  of  spines. 

First  Division — ^Anacanthini  Gadoidei. 
Head  and  body  symmetrically  formed. 

First  Family — LvcoDiDiE. 

Vertical  fins  confluent.  Ventral  fin,  if  present,  small, 
attached  to  the  humeral  arch,  jugular.  Oill-opening  narrow, 
the  gilUmembrane  being  attached  to  the  isthmus. 

Marine  littoral  fishes  of  smaU  size,  resembling  Blennies, 
chiefly  represented  in  high  latitudes,  but  a  few  living  within 
the  tropical  zone. 

Lycodes. — Body  elongate,  covered  with  minute  scales  im- 
bedded in  the  skin,  or  naked ;  lateral  line  more  or  less  indistinct. 
Eye  of  moderate  size.    Ventral  small,  short,  rudimentary,  jugular, 
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composed  of  several  rays.  Upper  jaw  overlapping  the  lower. 
Conical  teeth  in  the  jaws,  on  the  vomer,  and  on  the  palatine 
bones.  Barbel  none.  Five  or  six  branchiostegals ;  gill-opening 
narrow,  the  gill-membranes  being  attached  to  the  isthmus. 
Pseudobranchiae  present.  Air-bladder  none.  Pyloric  appen- 
dages two,  or  rudimentary,  or  entirely  absent.  No  prominent 
anal  papilla. 


Fig.  246. — Lycodes  mucosus,  from  Northumberland  Soimd. 

Nine  species  are  known  from*  the  Arctic  Ocean,  four  from 
the  southern  extremity  of  the  American  continent. 

Gymnelis. — Body  elongate,  naked.  Eye  of  moderate  si^e 
or  rather  small.  Ventrals  none.  Vent  situated  at  some  dis- 
tance backwards  from  the  head.  Small  conical  teeth  in  the  jaws, 
on  the  vomer  and  palatine  bones.  Jaws  equal  anteriorly. 
Barbel  none.  Six  branchiostegals;  gill-opening  narrow,  the 
gill  membranes  being  attached  to  the  isthmus.  Pseudobranchis 
present ;  air-bladder  none.  Pyloric  appendages  two ;  no  pro- 
minent anal  papilla. 


Fig.  247. — Gymnelis  viridis. 

One  species  {G,  viridis)  from  Greenland,  the  other  (ff. 
pictus)  from  the  Straits  of  Magelhaen. 

The  other  genera  belonging  to  this  family  are  Urontd^ 
from  Baffin's  Bay,  Microdesmiis  from  Panama,  Blennod^m^ 
from  the  coast  of  North-Eastem  Australia,  and  Maynea  from 
the  Straits  of  Magelhsen. 
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Second  Family — Gadid^e. 

Body  more  or  less  elongate,  covered  with  smcdl  smooth  scales. 
One,  two,  or  three  dorsal  fins,  occupying  nearly  the  whole  of  the 
hack ;  rays  of  the  posterior  dorsal  well  developed ;  one  or  two 
anal  fins.  Caudal  free  from  dorsal  and  ancU,  or,  if  they  are 
united,  the  dorsal  with  a  separate  anterior  portion,  Ventrals 
pigidar,  composed  of  several  rays,  or,  if  they  are  reduced  to  a 
filament,  the  dorsal  is  divided  into  two.  Gill-opening  wide  ; 
the  gill'menibrancs  generally  not  attached  to  the  isthmus. 
Pscudohranchiw  none,  or  glandvlar,  rudimentary.  An  air- 
bladder  and  pyloric  appendages  generally  present. 

The  family  of  "  Cod-fishes  "  consists  partly  of  littoral  and 
surface  species  (and  they  form  the  majority),  partly  of  deep- 
sea  forms.  The  former  are  almost  entirely  confined  to  the 
temperate  zones,  extending  beyond  the  Arctic  Circle;  the 
latter  have,  as  deep-sea  fishes  generally,  a  much  wider  range, 
and  hitherto  have  been  found  chiefly  at  considerable  depths 
of  rather  low  latitudes.  Only  two  or  three  species  inhabit 
fresh  waters.  They  form  one  of  the  most  important  articles 
of  food  and  subsistence  to  the  fishermen  in  Europe  and  North 
America,  and  to  whole  tribes  bordering  upon  the  Arctic 
Ocean. 

Fossil  remains  are  scarce.  Nemopteryx  and  Pcdccogadus 
have  been  described  from  the  schists  of  Glaris,  a  formation 
believed  to  have  been  the  bottom  of  a  very  deep  sea.  In  the 
clay  of  Sheppey  species  occur  allied  to  Gadics,  Merluccius,  and 
Phycis  ;  others,  not  readily  determinable,  have  been  found  at 
Licata  in  Sicily  (Miocene). 

Gadus. — Body  moderately  elongate,  covered  with  small 
scales.  A  separate  caudal,  three  dorsal,  and  two  anal  fins ; 
ventrals  narrow,  composed  of  six  or  more  rays.  Teeth  in  the 
upper  jaw  in  a  narrow  band ;  vomerine  teeth ;  none  on  the  pala- 
tines. 
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Arctic  and  temperate  zones  of  the  Northern  Hemisphere. 
Eighteen  species  are  known,  of  which  the  following  are  the 
most  important : — 

Gadus  morrhuay  the  common  "Cod-fish" — in  German 
called  "  Kabeljau  "  when  fresh  and  old, "  Dorsch  "  when  young 
and  fresh, "  Stock-fish  "  when  dried, "  Labberdan  *'  when  salted 
— measures  from  two  to  four  feet,  and  attains  to  a  weight 
of  one  hundred  pounds.  On  the  British  coasts  and  in  the 
German  Ocean  it  is  generally  of  a  greenish  or  brownish-olive 
colour,  with  numerous  yellowish  or  brown  spots.  Farther 
northwards  darker-coloured  specimens,  frequently  without 
any  spots,  predominate ;  and  on  the  Greenland,  Iceland,  and 
North  Scandina\'ian  coasts  the  Cod  have  often  a  large  irregular 
black  blotch  on  the  side.  The  Cod-fish  occurs  between  50* 
and  75°  lat.  N.,  in  great  profusion,  to  a  depth  of  120  fathoms, 
but  is  not  found  nearer  the  Equator  than  40°  lat.  Close  to 
the  coast  it  is  met  with  singly  aU  the  year  round,  but  towards 
the  spawning-time  it  approaches  the  shore  in  numbers,  which 
happens  in  January  in  England  and  not  before  May  on  the 
American  coasts.  The  English  resorted  to  the  cod-fisheries 
of  Iceland  before  the  year  1415,  but  since  the  sixteenth 
century  most  vessels  go  to  the  banks  of  Newfoundland,  and 
almost  all  the  preserved  Cod  consumed  during  Lent  in  the 
various  continental  coimtries  is  imported  from  across  the 
Atlantic.  At  one  time  the  Newfoimdland  cod-fishery  rivalled 
in  importance  the  whale-fishery  and  the  fur  trade  of  North 
America.  Cod-liver  oil  is  prepared  from  the  liver  on  the 
Norwegian  coast,  but  also  other  species  of  this  genus  contri- 
bute to  this  most  important  drug. 

Gadus  tomcodics  abundantly  occurs  on  the  American  coasts; 
it  remains  within  smaller  dimensions  than  the  common  Cod- 
fish. Gadtts  ccglejinus,  the  "  Haddock  "  ("  Schell-fisch  "  of  the 
Germans, "  Hadot "  of  the  French),  is  distinguished  by  a  black 
lateral  line  and  a  blackish  spot  above  the  pectoral  fin.    It 
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attains  to  a  length  of  three  feet  in  the  higher  latitudes,  but 
remains  smaller  on  more  southern  coasts ;  like  the  Cod  it  ex- 
tends across  the  Atlantic.  The  largest  specimens  are  taken 
on  the  British  coast  in  winter,  because  at  that  time  they  leave 
the  deep  water  to  spawn  on  the  coast.  Oadus  merlangus,  the 
"  Whiting,"  with  a  black  spot  in  the  axil  of  the  pectoral  fin. 
Gad  us  Ivsctis,  the  "Bib,"  "  Pout,"  or  "Wliiting-pout,"  with  cross- 
bands  during  life,  and  with  a  black  axillary  spot,  rarely  ex- 
ceeding a  weightof  five  pounds.  Gadus/ahnciiya  small  species, 
but  occurring  in  incredible  numbers  on  the  shores  near  the 
Arctic  circle,  and  ranging  to  80°  lat.  N.  Gadits  poUacJmis,  the 
*'  Pollack,"  without  a  barbel  at  the  chin,  and  with  the  lower 
jaw  projecting  beyond  the  upper.  Gadus  virens,the  "  Coal-fish," 
valuable  on  account  of  its  size  and  abundance,  and  therefore 
preserved  for  export  like  the  Cod. 

The  fishes  of  the  genus  Grccdus  are  bathymetrically  suc- 
ceeded by  several  genera,  as  Gadiculus,  Mora,  and  Strinsia  ; 
however  these  do  not  descend  to  sufficiently  great  depths  to 
be  included  into  the  deep-sea  Fauna ;  the  two  following  are 
true  deep-sea  fishes. 

Halargyreus. — Body  elongate,  covered  with  small  scales. 
Two  dorsal  and  two  anal  fins ;  ventrals  composed  of  several  rays. 
Jaws  with  a  band  of  minute  villiform  teeth ;  vomer  and  palatines 
toothless.     No  barbel. 

The  single  species  known,  H.  johnsonii,  proves  to  be  a 
deep-sea  fish  by  its  organisation  as  well  as  geographical  dis- 
tribution. Originally  known  from  a  single  specimen,  which  was 
obtained  at  Madeira,  it  has  since  been  found  off  the  coast  of 
New  Zealand.  There  is  no  doubt  that  it  will  be  discovered 
also  in  intermediate  seas. 

Melanonus. — Head  and  body  rather  compressed,  covered 
with  cycloid  scales  of  moderate  size,  and  terminating  in  a  long 
tapering  tail,  without  caudal.  Eye  of  moderate  size.  Villiform 
teeth  in  the  jaws,  on  the  vomer  and  palatine  bones.     Barbel 
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none.  A  short  anterior  dorsal,  the  second  extending  to  the  end 
of  the  tail,  and  the  anal  being  of  similar  length.  Yentrals  com- 
posed of  several  rays.     Bones  soft  and  flexible. 

This  is  one  of  the  discoveries  made  during  the  expedition 

of  the  "  Challenger."     The  single  specimen  obtained  is  of  a 

deep-black  colour,  and  was  dredged  up  at  a  depth  of  1975 

fathoms  in  the  Antarctic  Ocean. 

Merluccius. — ^Body  elongate,  covered  with  very  small  scales. 
A  separate  caudal ;  two  dorsal  fins  and  one  anal ;  ventrals  well 
developed,  composed  of  seven  rays.  Teeth  in  the  jaws  and  on 
the  vomer  rather  strong,  in  double  or  triple  series.     No  barbel. 

Two  species  are  known  of  this  genus,  widely  separated  in 
their  distribution.  The  European  species,  Jf.  vulgaris^  the 
"  Hake,"  is  found  on  both  sides  of  the  Atlantic,  and  grows  to 
a  length  of  four  feet.  It  is  caught  in  great  numbers,  and 
preserved  as  "Stock-fish."  The  second  species  M.  gayh  ^ 
common  in  the  Straits  of  Magelhaen  and  on  the  coast  of 
Cliili,  less  so  in  New  Zealand. 

The  vertebral  column  of  this  genus  shows  a  singular  modi- 
fication of  the  apophyses.  The  neural  spines  of  all  the 
abdominal  vertebrae  are  extremely  strong,  dilated,  wedged  into 
one  another.  The  parapophyses  of  the  third  to  sixth  verte- 
brse  are  slender,  styliform,  whilst  those  of  all  the  following 
abdominal  vertebrae  are  very  long  and  broad,  convex  on  the 
upper  and  concave  on  the  lower  surface ;  the  two  or  three 
anterior  pairs  are,  as  it  were,  inflated.  The  whole  forms 
a  strong  roof  for  the  air-bladder,  reminding  us  of  a  simi- 
lar structure  in  Kurtns. 

PsEUDOPHYCis. — Body  of  moderate  length,  covered  with  rather 
small  scales.  A  separate  caudal,  two  dorsals,  and  one  anal ;  ven- 
tral fins  very  narrow  and  styliform,  but  composed  of  several  rays. 
Jaws  with  a  band  of  small  teeth ;  vomer  and  palatines  toothless. 
Chin  with  a  barbel 

Two  species,  of  which  Ps,  bachus  is  common  on  the  coast 

of  New  Zealand. 
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j\Jlied  genera  are  LoUlla,  Physimlus,  Vraleptus,  and 
Leenionema,  from  moderate  depths,  obtained  cMefly  off 
Madeira  and  the  Southern  Temperate  Zone. 


Fig  248  — Peeudophycia  bi 


Phvcis. — Body  of  moderate  length,  covered  with  small  scales. 
Fins  more  or  less  enveloped  in  loose  skin.  A  separate  caudal ; 
two  dorsal  fins  and  one  anal ;  the  anterior  dorsal  composed  of 
from  eight  to  ten  rays ;  ventrals  reduced  to  a  single  long  ray, 
bifid  at  its  end.  Small  teeth  in  the  jaws  and  on  the  vomer; 
palatine  bones  toothless.     Chin  with  a  barbel. 

Six  species  from  the  temperate  parts  of  the  North  At- 
lantic and  the  Mediterranean,  one,  PA.  blennioides,  is  occa- 
sionally found  on  the  British  coast. 

Haloporphyrus. — Body  elongate,  covered  with  small  scales. 
A  separate  caudal,  two  dorsal  fins,  and  one  anal ;  the  first  dorsal 
with  four  rays ;  ventrals  narrow,  composed  of  six  raya.  Jaws 
and  vomer  with  villiform  teeth ;  palatine  bones  toothless.  Chia 
with  a  barbel 

A  small  genus  of  deep-sea  fishes,  of  which  three  species 
are  known.  Tliey  offer  a  striking  instance  of  the  extraordinary 
distribution  of  deep-sea  fishes ;  ff.  lepidioii  occurs  in  from  100 
to  600  fathoms  in  the  Mediterranean  and  the  neighbouring 
parts  of  the  Atlantic,  off  the  coast  of  Japan,  and  various  parta 
of  the  South  Atlantic ;  H.  mistrdUs  in  from  55  to  70  fathoms 
in  the  Straits  of  Magelhaen ;  and  finally  H.  roatraltis  in  from 
600  to  1375  fathoms,  midway  between  the  Cape  of  Good 
Hope  and  Eerguelen's  Land,  and  in  the  South  Atlantic. 
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Lota. — Body  elongate,  covered  with  very  small  scale&  A 
separate  caudal,  two  dorsal  fins,  and  one  anal ;  ventrals  narrow, 
composed  of  six  rays.  Villiform  teeth  in  the  jaws  and  on  the 
vomer  ;  none  on  the  palatines.  The  first  dorsal  with  from  ten 
to  thirteen  well-developed  rays.     Chin  with  a  barbel 

The  "  Burbot,"  or  "  Eel-pout "  (i.  vulgaris,  Fig.  8,  p.  43), 

is  a  Freshwater-fish   which  never  enters  salt  water.     It  is 

locally    distributed   in   Central    and   Northern  Europe  and 

North  America ;  it  is  one  of  the  best  Freshwater-fishes,  and 

exceeds  a  length  of  three  feet. 

MoLVA. — Differs  from  Lota  in  having  several  large  teeth  in 
the  lower  jaw  and  on  the  vomer. 

The   "  Ling "   {M,   vulgaris)   is  a  very  valuable  species, 

common   on   the    northern  coasts  of  Europe,  Iceland,  and 

Greenland ;  and  generally  found  from  three  to  four  feet  long. 

The  larger  number  of  the  specimens  caught  are  cured  and 

dried. 

MoTELLA. — Body  elongate,  covered  with  minute  scales.  A 
separate  caudal.  Two  dorsal  fins,  the  anterior  of  which  is 
reduced  to  a  narrow  rayed  fringe,  more  or  less  concealed  in  a 
longitudinal  groove ;  the  first  ray  is  prolonged.  One  anal  fin. 
Ventrals  composed  of  from  five  to  seven  rays.  A  band  of  teeth 
in  the  jaws  and  on  the  vomer. 

Eight   species   of  "  Rocklings  "    are    known    from  the 

coasts  of  Europe,  Iceland,  Greenland,   Japan,   the  Cape  of 

Good  Hope,  and  New  Zealand.     They  are  of  small  size,  and 

chiefly  distinguished  by  the  number  of  their  barbels.     British 

are  the  Five-bearded  Rockling  (J/,  mustela),  the  Three-bearded 

Eocklings  {M,  tricirrhata,  macrophthal'nia,  and  maculata),  and 

the  Four-bearded  Eockling  (Jf.  cimhria),     M.  macropMhdmn 

comes  from  a  depth  of  from  80  to  180  fathoms.     The  young 

are  known  as  "  Mackerel  Midge  "  {Cotcchia),  and  sometimes 

met  with  in  large  numbers  at  some  distance  from  the  coast 

Raniceps. — Head   large,  broad,  and   depressed  ;    body  of 
moderate  length,  covered  with  minute  scales.     A  separate  caudal 
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Two  dorsal  fins,  the  anterior  of  which  is  very  shoit,  rudimeDtaiy. 
One  anal  fin.  Ventrala  composed  of  six  rays.  Card-like  teeth  in 
the  jaws  and  on  the  vomer. 

The  "  Trifurcated  Hake,"  E.  trifurcus,  not  uncommon 
on  the  coasts  of  Northern  Europe. 

Breghacbros.  —  Body  fusiform,  compressed  posteriorly, 
covered  vitli  cycloid  scales  of  moderate  size.  Two  dorsal  luis  ; 
the  anterior  reduced  to  a  single  long  ray  on  the  occiput ;  the 
second  and  the  anal  much  depressed  in  the  middle  ;  ventrals 
very  long,  composed  of  five  rays.     Teeth  small. 

A  dwarf  Gadoid,  the  only  one  found  at  the  surface  between 


fig.  219, — Bregmaceroa  macclellandii. 
the  Tropica,     B.  viacdellandii  scarcely  exceeds  three  inches  in 
length,  is  not  uncommon  in  the  Indian  Ocean,  and  has  found 
its  way  to  New  Zealand ;  specimens  have  been  picked  up  in 
mid-ocean. 

MxJiLENOLEPis. — Body  covered  with  lanceolate  epidermoid 
productions,  intersecting  each  other  at  right  angles  like  those  of 
a  Freshwater-eel.  Vertical  fins  confluent,  no  caudal  being  dis- 
cernible ;  an  anterior  dorsal  fin  is  represented  by  a  single  fila- 
mentous ray ;  ventral  fins  narrow,  composed  of  several  rays.     A 
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barbel     Jaws  with  a  band  of  villiform  teeth ;    palate  tooth- 
less. 

One  species  {M.  marmoratus)  from  Kerguelen's  Land. 

Chiasmodus. — Body  naked  ;  stomach  and  abdomen  disten- 
sible. Two  dorsal  fins  and  one  anal ;  a  separate  caudal ;  ven- 
tral fins  rather  narrow,  with  several  rays.  Upper  and  lower 
jaws  with  two  series  of  large  pointed  teeth,  some  of  the  anterior 
being  very  large  and  movable  ;  teeth  on  the  palatine  bones, 
but  none  on  the  vomer.     Chin  without  barbel 

This  Gadoid  {Ch,  niger,  Fig.  Ill,  p,  311),  inhabits  great 

depths  in  the  Atlantic  (to  1500  fathoms).     The  specimen 

figured  was  taken  with  a  large  Scopeloid  in  its  stomach. 

Brosmius. — Body  moderately  elongate,  covered  with  very 
small  scales.  A  separate  caudal,  one  dorsal,  and  one  anal ;  ven- 
trals  narrow,  composed  of  five  rays.  Vomerine  and  palatine 
teetL     A  barbel. 

The  "  Torsk"  {B.  hrosme)  is  confined  to  the  northern  parts 

of  the  temperate  zone,  and  probably  extends  to  the  arctic 

circle. 

Third  Family — OPHiDiiDiE. 

Body  more  or  less  elongate,  naked,  or  scaly.  Vertical  fins 
generally  united ;  no  separate  anterior  dorsal  or  anal ;  dorsal 
oecupying  the  greater  portion  of  the  hack.  Ventral  fins  rudi- 
mentary or  absent,  jugular.  Gill-openings  wide,  the  giU-mmr 
branes  not  attached  to  the  isthmus. 

Marine  fishes  (with  the  exception  of  LiuAfuga),  partly 
littoral,  partly  bathybiaL  They  may  be  divided  into  five 
groups. 

I.  Ventral  fins  present,  attached  to  the  humeral  arch: 
Brotulina. 

Brotula. — Body  elongate,  covered  with  minute  scales.  Eye 
of  moderate  size.  Each  ventral  reduced  to  a  single  filament, 
sometimes  bifid  at  its  extremity.  Teeth  villiform ;  snout  witb 
barbels.     One  pyloric  appendage. 
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Five  species  of  small  size  from  the  Tropical  Atlantic  and 
Indian  Ocean. 

Ludfuga  are  Brotvla  organised  for  a  subterranean  life. 
The  eye  is  absent,  or  quite  rudimentary,  and  covered  by  the 
skin ;  the  barbels  of  Brotula  are  replaced  by  numerous  minute 


Fig.  250. — Lucifuga  dentata,  from  caves  in  Cuba. 

ciliae  or  tubercles.    They  inhabit  the  subterranean  waters  of 
caves  in  Cuba,  and  never  come  to  the  light. 

Bathynectes. — Body  produced  into  a  long  tapering  tail, 
without  caudal  Mouth  very  wide,  villiform  teeth  in  the  jaws, 
on  the  vomer  and  palatine  bones.  Barbel  none.  Ventral  fins 
reduced  to  simple  or  bifid  filaments,  placed  close  together,  and 
near  to  the  humeral  symphysis.  Gill-membranes  not  united ; 
gill-laminse  remarkably  short.  Bones  of  the  head  soft  and 
cavernous ;  operculum  with  a  very  feeble  spine  above. 

Deep-sea  fishes,  inhabiting  depths  varying  from  1000  to 

2500  fathoms.     Three  species  are  known,  the  largest  specimen 

obtained  being  seventeen  inches  long. 

AcANTHONUS. — Head  large  and  thick,  armed  in  front  and  on 
the  opercles  with  strong  spines ;  trunk  very  short,  the  vent  being 
below  the  pectoral;   tail  thin,  strongly  compressed,  tapering. 


Fig.  251. — Acanthonus  armatus. 

without  caudal.     Eye  small     Mouth  very  wide ;  villiform  teeth 
in  the  jaws,  on  the  vomer  and  palatine  bones.     Barbel  none. 
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Ventrals  reduced  to  simple  filaments  placed  close  together  on  the 
humeral  symphysis.  Scales  extremely  small  Bones  of  the 
head  soft. 

Only  two  specimens,  thirteen  inches  long,  of  this  remark- 
able deep-sea  form  have  been  obtained,  at  a  depth  of  1075 
fathoms,  in  the  Indian  Ocean. 

Typhlonus. — Head  large,  compressed,  with  most  of  the 
bones  in  a  cartilaginous  condition ;  the  superficial  bones  with 
large  muciferous  cavities,  not  armed.  Snout  a  thick  protuberance 
projecting  beyond  the  mouth,  which  is  rather  small  and  inferior. 
Trunk  very  short,  the  vent  being  below  the  pectoral ;  tail  thin, 
strongly  compressed,  tapering,  without  separate  caudaL  Eye 
externally  not  visible.  Villiform  teeth  in  the  jaws,  on  the  vomer 
and  palatine  bones.  Barbel  none.  Scales  thin,  deciduous, 
small. 

Also  of  this  deep-sea  fish  two  specimens  only  are  known, 

10  inches  long,  from  a  depth  of  2200  fathoms  in  the  Western 

Pacific. 

Aphyonus. — Head,  body,  and  tapering  tail  strongly  com- 
pressed, enveloped  in  a  tliin,  scaleless,  loose  skin.      Vent  far 
behind  the  pectoral.     Snout  swollen,  projecting  beyond  the  wide 
mouth.     No  teeth  in  the  upper  jaw,  small  ones  in  the  lower. 
No  externally  visible  eye.     Barbel  none.     Head  covered  with  a 
system  of  wide  muciferous  channels,  the  dermal  bones  being 
almost  membranaceous,  whilst  the  others  are  in  a  semi-cartila- 
ginous condition.     Notochord  persistent,  but  with  a  superficial 
indication  of  vertebral  segments. 


Fig.  252. — Aphyonus  gelatino8Us. 

One  specimen  only  of  this  most  remarkable  form  is 
known ;  it  is  5  J  inches  long,  and  was  obtained  at  a  depth  of 
1400  fathoms  south  of  New  Guinea. 
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Of  the  remaining  genera  belonging  to  this  group,  Brotw- 
laphiSy  HcUidesmuSj  DineinaiichthySy  and  Bythites  are  surface 
forms ;  Sirembo  and  Pteridium  inhabit  moderate  depths ; 
Rhinonus  is  a  deep-sea  fish. 

II.  Ventral  fins  replaced  by  a  pair  of  bifid  filaments 
(barbels)  inserted  below  the  glosso-hyal :  OPHIDIINA. 

Ophidium. — Body  elongate,  compressed,  covered  with  very 
small  scales.     Eye  of  moderate  size.     All  the  teeth  small. 

Small  fishes  from  the  Atlantic  and  Pacific.     Seven  species 

are  known,  differing  from  one  another  in  the  structure  of  the 

air-bladder  (see  p.  145). 

Genypterus  is  a  larger  form  of  Ophidium,  in  which  the 
outer  series  of  teeth  in  the  jaws  and  the  single  palatine  series 
contains  strong  teetL 

Three    species  from   the   Cape   of    Good    Hope,   South 

Australia,  New  Zealand,  and  Cliili  are  known.     They  grow  to 

a  length  of  five  feet,  and  have  an  excellent  flesh,  like  cod, 

well  adapted  for  curing.    At  the  Cape  they  are  known  by  the 

name  of  "Klipvisch,"  and  in  New  Zealand  as  "Ling"  or 

"  aoudy  Bay  Cod." 

III.  No  ventral  fins  whatever ;  vent  ai  the  throat:  Fieras- 

FERWX. 

These  fishes  {Fierasfer  and  Encheliophis)  are  of  very  small 
size  and  eel-like  in  shape ;  the  ten  species  known  are  found 
in  the  Mediterranean,  Atlantic,  and  Indo-Pacific.  As  far  as 
is  known  they  live  parasitically  in  cavities  of  other  marine 
animals,  accompany  Medusae,  and  more  especially  penetrate 
into  the  respiratory  cavities  of  Star-fishes  and  Holothurians. 
Not  rarely  they  attempt  other  animals  less  suited  for  their 
habits,  as,  for  instance.  Bivalves ;  and  cases  are  known  in 
which  they  have  been  found  imprisoned  below  the  mantle  of 
the  Mollusk,  or  covered  over  with  a  layer  of  the  pearly  sub- 
stance secreted  by  it.     They  are  perfectly  harmless  to  their 
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host,  and  merely  seek  for  themselves  a  safe  habitation,  feeding 
on  the  animalcules  which  enter  with  the  water  the  cavity 
inhabited  by  them. 

IV.  No  ventral  fins  whatever  ;  vent  remote  from  the  head ; 
gill-openings  very  vnde,  the  gUl'Tnemhranes  not  heing  uniUd: 
Ammodytina. 

The  "  Sand-eels "  or  "  Launces "    {Amrrwdytes)   are   ex- 
tremely common   on  sandy  shores  of  Europe   and    Nbrtii 
America.    They  live  in  large  shoals,  rising  as  with  one  aoooid 
to  the  surface,  or  diving  to  the  bottom,  where  they  buiy  theour 
selves  with  incredible  rapidity  in  the  sand.    They  are  much 
sought  after  for  bait  by  fishermen,  who  discover  their  pie- 
sence  on  the  surface  by  watching  the  action  of  Poipoises 
which  feed  on  them.    These  Cetaceans,  when  they  meet  with 
a  shoal,  know  how  to  keep  it  on  the  surface  by  diving  bdow 
and  swimming  round  it,  thus  destroying  large  numbers  of 
them.    The  most  common  species  on  the  British  coast  is  the 
Lesser  Sand-eel  {A,  tobianics)]   the  Greater  Sand-eel  {A. 
lanceolattis),  which  attains  to  a  length  of  eighteen  inches ;  A, 
sicultcsy  from  the  Mediterranean,  scarcer  in  British  seas.   Two 
species  live  on  the  American  coasts,  A.  am^ericanus  and  A, 
dvMus ;    one  in  California,  A,  person^itvs.     Bleekeria  from 
Madras  is  the  second  genus  of  this  group. 

V.  No  ventral  fins  whatever ;  vent  remote  from  the  head; 
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Fig.  253. — Congrogadus  subducens. 

gUl'Openings  of  moderate  width,  the  gill-membranes  being  united 
below  the  throat,  not  attached  to  the  isthmus :  CONGROGADINA. 
Only  two  fishes  belong  to  this  group — Congrogadus  froni 
the  Australian  coasts,  and  Haliophis  from  the  Red  Sea. 


HACKDBIDA 


Fourth  Family — Macrhbida 
Ody  termincUiTtg  in   a  long,   compraeed,  tapering  tail. 


Fig.  250.— Scale  from  the  Interal  lins  of  Mscninu  aiiatrtlin, 

td  vith  spiny,  keeled,  or  striated  scales.     One  short  ante- 


rior  dorsal ;  the  second  very  long,  continued  to  the  end  of  the 
tail,  and  composed  of  very  feeble  rays;  anal  of  an  extent  simUar 
to  that  of  the  second  dorsal ;  no  caudal.  Ventral  firta  thoracic 
or  jugular,  composed  of  several  rays. 

This  family,  known  a  few  years  ago  from  a  limited  number 
of  examples,  representing  a  few  species  only,  proves  to  be  one 
which  is  distributed  over  all  oceans,  occurring  in  considerable 
variety  and  great  abundance  at  depths  of  from  120  to  2600 
fathoms.  Tliey  are,  in  fact.  Deep-sea  Gadoids,  much  resemb- 
ling each  other  in  the  general  shape  of  their  body,  but  diBer- 
ing  in  the  form  of  the  snout  and  in  the  structure  of  their 
scales.  About  forty  species  are  known,  of  which  many  attain 
a  length  of  three  feet.  They  have  been  referred  to  the  fol- 
lowing genera : — 


Fig.  257.—  Macnirng  uiiBtniliii. 

Macrurus. — Scales  of  moderate  size;  snout  prodac«<li 
conical ;  mouth  inferior. 

CoRypH«NOiDES. — Scales  of  moderate  size ;  snout  oMum, 
obliquely  tnincated  ;  cleft  of  the  mouth  lateral. 

Macruronus. — Scales  of  moderate  size,  spiny;  snout  pointed; 
mouth  anterior  and  lateral,  with  the  lower  jaw  projecting 

Malacocephalus. — Scales  very  small,  ctenoid ;  snout  ahort, 
obtuse,  obliquely  truncated. 

Batbyoadus. — Scales  small,  cycloid ;  snout  not  projecting 
beyond  the  mouth  ;  mouth  wide,  anterior,  and  lateral. 
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Ateleopm  from  Japan  and  XenocephcUtis  from  New  Ire- 
land are  genera  belonging  to  the  Gadoid  Anacanths,  but  are 
very  imperfectly  known. 

Second  Division — Anacanthini  Pleuronectoidei. 

Head  and  part  of  the  body  unsynimetrically  formed. 
This  division  consists  of  one  family  only  : 

PLEURONECTlDiE. 

The  fishes  of  this  family  are  called  "  Flat-fishes,"  from  their 
strongly  compressed,  high,  and  flat  body;  in  consequence  of  the 
absence  of  an  air-bladder,  and  of  the  structure  of  their  paired 
fins,  they  are  unable  to  maintain  their  body  in  a  vertical  posi- 
tion, resting  and  moving  on  one  side  of  the  body  only.  The  side 
turned  towards  the  bottom  is  sometimes  the  left,  sometimes 
the  right,  colourless,  and  termed  the  "blind"  side;  that 
turned  upwards  and  towards  the  light  is  variously,  and  in 
some  tropical  species  even  vividly,  coloured.  Both  eyes  are 
on  the  coloured  side,  on  which  side  also  the  muscles  are  more 
strongly  developed.  The  dorsal  and  anal  fins  are  exceedingly 
long,  without  division.  All  the  Flat-fishes  undergo  remark- 
able changes  with  age,  which,  however,  are  very  imperfectly 
known  and  not  yet  fully  understood,  from  the  difficulty  of 
referring  larval  forms  to  their  respective  parents.  The  larvae 
are,  singularly  enough,  much  more  frequently  met  in  the  open 
ocean  than  near  the  coast ;  they  are  transparent,  like  Lepto- 
cephali ;  perfectly  symmetrical,  with  an  eye  on  each  side  of 
the  head,  and  swim  in  a  vertical  position  like  other  fishes. 
The  manner  in  wliich  one  eye  is  transferred  from  the  blind 
to  the  coloured  side  is  subject  to  discussion.  Whilst  some 
naturalists  believe  that  the  eye  turning  round  its  axis  pushes 
its  way  through  the  yielding  bones  from  the  blind  to  the 
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upper  side,  others  hold  that,  as  soon  as  the  body  of  the  fish 
commences  to  rest  on  one  side  only,  the  eye  of  that  side,  in 
its  tendency  to  turn  towards  the  light,  carries  the  surround- 
ing parts  of  the  head  with  it ;  in  fact,  the  whole  of  the  fore- 
part of  the  head  is  twisted  towards  the  coloured  side,  which  is 
a  process  of  but  little  difficulty  as  long  as  the  framework  of 
the  head  is  still  cartilaginous. 

Flat-fishes  when  adult  live  always  on  the  bottom,  and 
swim  with  an  undulating  motion  of  their  body.  Sometimes 
they  rise  to  the  surface ;  they  prefer  sandy  bottom,  and  do 
not  descend  to  any  considerable  depth.  They  occur  in  all 
seas,  except  in  the  highest  latitudes  and  on  rocky,  precipi- 
tous coasts,  becoming  most  numerous  towards  the  equator; 
those  of  the  largest  size  occur  in  the  temperate  zone.  Some 
enter  fresh  water  freely,  and  others  have  become  entirely 
acclimatised  in  ponds  and  rivers.    All  are  carnivorous. 

Flat-fishes  were  not  abundant  in  the  tertiary  epoch ;  the 
only  representative  known  is  a  species  of  Ekombus  bom 
Monte  Bolca. 

The  size  and  abundance  of  Flat-fishes,  and  the  flavour  of 
the  flesh  of  the  majority  of  the  species,  render  this  family  one 
of  the  most  useful  to  man ;  and  especially  on  the  coasts  of 
the  northern  temperate  zone,  their  capture  is  one  of  the  most 
important  sources  of  profit  to  the  fishermen. 

PsETTODES. — Mouth  very  wide,  the  maxillary  being  more 
than  one-half  of  that  of  the  head.  Each  jaw  armed  with  two 
series  of  long,  slender,  curved,  distant  teeth,  the  front  teeth  of 
the  inner  series  of  the  lower  jaw  being  the  longest,  and  received 
in  a  groove  before  the  vomer ;  vomerine  and  palatine  teeth. 
The  dorsal  fin  commences  on  the  nape  of  the  neck. 

This  genus  fitly  heads  the  list  of  Flat-fishes,  having 
retained  more  of  symmetrical  structure  than  the  other  mem- 
bers of  the  family,  and,  therefore,  their  eyes  are  as  often  found 
on  the  right  as  on  the  left  side.     It  seems  to  swim,  not  un- 
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frequently,  in  a  vertical  position.     Only  one  species  is  known, 
Ps.  erumei,  common  in  the  Indian  Ocean. 

HiPPOGLOSSUS. — Eyes  on  the  right  side;  mouth  wide,  the 
length  of  the  maxillary  heing  one-third  of  that  of  the  head. 
Teeth  in  the  upper  jaw  in  a  double  series ;  the  anterior  of  the 
upper  jaw  and  the  lateral  of  the  lower  strong.  The  dorsal  fin 
commences  above  the  eye. 

The  "  Holibut "  (JT.  vulgaris)  is  the  largest  of  all  Flat- 
fishes, attaining  to  a  length  of  five  and  six  feet,  and  a  weight 
of  several  hundredweights.  It  is  found  along  the  northern 
coasts  of  Europe,  on  the  coasts  of  Kamtschatka  and  Cali- 
fomia,  particularly  frequenting  banks  situated  at  some 
distance  from  the  coast,  and  at  a  depth  of  50  to  120  fathoms. 

Other  genera,  with  nearly  symmetrical  mouth,  in  which 
the  dorsal  fin  commences  above  the  eye,  are  Hippoglossoides 
(the  "  Eough  Dab  ")  and  Tephitis. 

Ehombus. — ^Eyes  on  the  left  side.  Mouth  wide,  the  length 
of  the  maxillary  being  more  than  one-third  of  that  of  the 
head.  Each  jaw  with  a  band  of  villiform  teeth,  without  canines ; 
vomerine  teeth,  none  on  the  palatines.  The  dorsal  fin  com- 
mences on  the  snout.     Scales  none  or  small. 

Seven  species  from  the  North  Atlantic  and  Mediterranean, 
of  which  the  most  noteworthy  are  the  "  Turbot,"  lih,  maximvs, 
one  of  the  most  valued  food-fishes,  and  growing  to  a  length 
of  three  feet ;  the  "  Turbot  of  the  Black  Sea,"  Ith,  mccoticus, 
the  body  of  which  is  covered  with  bony,  conical  tubercles, 
which  are  as  large  as  the  eye ;  the  "  Brill,"  Rh,  Icevis,  repre- 
sented on  the  North  American  coasts  hy  Rh.  aqiwsus;  the 
"Whiff,"  or  "Mary-sole,"  or  "Sail-fluke,"  Rh.  megastorm; 
"  Bloch's  Top-knot,"  Rh.  punctcUtcs  (described  by  Yarrell  as 
Rh.  hirttcs,  and  often  confounded  with  the  following  species). 

Phrynorhombus,  diflfering  from  Ehombus  in  lacking  vomer- 
ine teeth.     The  scales  are  very  small  and  spiny. 

The  "  Top-knot "  (PA.  unimacvlatus)  occurs  occasionally 
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on  the  south  coast  of  England,  and  is  more  common  in  the 
Mediterranean ;  it  is  a  small  species. 

Arnoglossus. — Mouth  wide,  the  length  of  the  maxillary 
being  more  or  not  much  less  than  one-third  of  that  of  the  head. 
Teeth  minute,  in  a  single  series  in  both  jaws;  vomerine  or 
palatine  teeth  none.  The  dorsal  fin  commences  on  the  snout 
Scales  of  moderate  size,  deciduous ;  lateral  line  with  a  strong 
curve  above  the  pectoral.     Eyes  on  the  left  side. 

Seven   species   from   European  and  Indian  Seas.      The 

"  Scald-fish"  (A.  latema)  is  common  in  the  Mediterranean,  and 

extends  to  the  south  coast  of  England ;  it  is  a  small  species. 

PsEUDORHOMBUS. — Mouth  wide,  the  length  of  the  maxillary 
being  more  than  one-third  of  that  of  the  head.  Teeth  in  both 
jaws  in  a  single  series,  of  unequal  size ;  vomerine  or  palatine  teeth 
none.  The  dorsal  fin  commences  on  the  snout  Scales  small; 
lateral  line  with  a  strong  curve  anteriorly.  Eyes  on  the  left  side. 
Interorbital  space  not  concave. 

A  tropical  genus  with  a  few  outlying  species,  represented 
chiefly  in  the  Indo-Pacific,  and  also  in  the  Atlantic.  Seven- 
teen species. 

Rhomboidichthys.  —  Mouth  of  moderate  width  or  small. 
Teeth  minute,  in  a  single  or  double  series ;  vomerine  or  palatine 
teeth  none.  Eyes  separated  by  a  concave  more  or  less  broad 
space.  The  dorsal  fin  commences  on  the  snout.  Scales  ciliated ; 
lateral  line  with  a  strong  curve  anteriorly.     Eyes  on  the  left  side. 

A  tropical  genus,  but  also  represented  in  the  Mediterranean 
and  on  the  coast  of  Japan.  Sixteen  species,  the  majority  of 
which  are  prettily  coloured  and  ornamented  with  ocellated 
spots ;  in  some  species  the  adult  males  have  some  of  the  fin- 
rays  prolonged  into  filaments. 

Other  genera  with  nearly  symmetrical  mouth,  in  which 
the  dorsal  fin  commences  before  the  eye,  on  the  snout,  are 
Citharus,  Anticitharus,  Brachypleura,  Samaris,  Psettichthys, 
CitharichthySy  Hemirhombtts,  Paralichthys,  Liopsetta,  Lapho- 
necteSy  Lepidopsetta,  and  Thymnopsetta. 
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Pleuronectes. — Cleft  of  the  mouth  narrow,  with  the  denti- 
tion much  more  developed  on  the  blind  side  than  on  the  coloured. 
Teeth  in  a  single  or  in  a  double  series,  of  moderate  size ;  palatine 
and  vomerine  teeth  none.  The  dorsal  fin  commences  above  the 
eye.  Scales  very  small  or  entirely  absent  Eyes  generally  on 
the  right  side. 

This  genus  is  characteristic  of  the  littoral  fauna  of  the 
northern  temperate  zone,  a  few  species  ranging  to  the  Arctic 
circle.  Twenty-three  species  are  known,  of  which  the  fol- 
lowing are  the  most  noteworthy :  P.  platessa,  the  "  Plaice," 
ranging  from  the  coast  of  France  to  Iceland;  P.  gladodis, 
from  the  Arctic  coasts  of  North  America ;  P,  americanns,  the 
transatlantic  representative  of  the  Plaice;  P.  limanduy  the 
common  "  Dab ;"  P.  microcephcdtts,  the  "  Smear-dab ;"  P. 
cynoglos$2is,  the  "Craig-fluke;"  P.flesiis,  the  "Flounder." 

Rhombosolea. — Eyes  on  the  right  side,  the  lower  in  advance 
of  the  upper.  Mouth  narrower  on  the  right  side  than  on  the 
left ;  teeth  on  the  blind  side  only,  villiform ;  palatine  and 
vomerine  teeth  none.  The  dorsal  fin  commences  on  the  fore- 
most part  of  the  snout.  Only  one  ventral  which  is  continuous 
with  the  anaL     Scales  very  small,  cycloid  ;  lateral  line  straight. 

This  genus  represents  Pleuronectes  in  the  Southern  Hemi- 
sphere, but  consists  of  three  species  only,  which  occur  on  the 
coasts  of  New  Zealand,  and  are  valued  as  food-fishes. 

Other  genera,  with  narrow  unsymmetrical  mouth,  in  which 
the  upper  eye  is  not  in  advance  of  the  lower,  and  which  have 
pectoral  fins,  are  Parophrys,  Psammodiscus,  AmmotretiSy  Pel- 
torJuimphus,  Nematops,^Lccops,  and  PoecUapsetta. 

SoLEA. — Eyes  on  the  right  side,  the  upper  being  more  or  less 
in  advance  of  the  lower.  Cleft  of  the  mouth  narrow,  twisted 
round  to  the  left  side.  Villiform  teeth  on  the  blind  side  only ; 
vomerine  or  palatine  teeth  none.  The  dorsal  fin  commences  on 
the  snout,  and  is  not  confluent  with  the  caudal.  Scales  very 
small,  ctenoid ;  lateral  line  straight. 

"  Soles  "  are  numerously  represented  in  all  suitable  locali- 


558  FISHES. 

ties  within  the  temperate  and  tropical  zones,  with  the  excep- 
tion of  the  southern  parts  of  the  southern  temperate  zone,  in 
which  they  are  absent.  Some  enter  or  live  in  fresh  water. 
Nearly  forty  species  are  known.  British  are  S.  vulgaris,  the 
common  "  Sole ;"  S.  aurantiaca,  the  "  Lemon-sole,"  which  is 
rather  a  southern  species,  and  inhabits,  on  the  south  coast  of 
England,  deeper  water  than  the  common  Sole ;  S.  variegata, 
the  "  Banded  Sole,"  with  very  small  pectoral  fins ;  and  & 
mintUa,  the  "  Dwarf-Sole." — Allied  to  Solea  are  Pardachirus 
and  Liachirus  from  the  Indian  coasts. 

Synaptura. — Eyes  on  the  right  side,  the  upper  in  advance  of 
the  lower.     Cleft  of  the  mouth  narrow,  twisted  round  to  the  left 
side ;  minute  teeth  on  the  left  side  only.     Vertical  fins  confluent 
Scales  small,  ctenoid ;  lateral  line  straight 

Twenty  species;   with  the  exception  of  two  from  the 

Mediterranean  and  coast  of  Portugal,  fdl  belong  to  the  fauna 

of  the  Indian  Ocean. — Closely  allied  is  Aesopia, 

Gymnachirus. — Mouth  very  small,  toothless.  Scales  none, 
lateral  line  straight  Eyes  on  the  right  side.  The  dorsal  fin 
commences  on  the  snout ;  caudal  free.  Pectorals  rudimentary  or 
entirely  absent. 

Two  species  from  the  Tropical  Atlantic. 

Cynoglossus. — Eyes  on  the  left  side ;  pectorals  none ;  ver- 
tical fins  confluent.  Scales  ctenoid ;  lateral  line  on  the  left 
side  double  or  triple  ;  upper  part  of  the  snout  produced  back- 
wards into  a  hook ;  mouth  unsymmetrical,  rather  narrow. 
Teeth  minute,  on  the  right  side  only. 

Abundant  in  the  Indian  seas,  and  especially  on  the  flat 
sandy  shores  of  China.  About  tliirty-five  species  are  known, 
which  rarely  exceed  a  length  of  eighteen  inches.  They  are 
easily  recognised  by  their  long  narrow  shape  (which  has 
been  compared  to  a  dog's  tongue)  and  the  peculiar  form  of 
their  snout. 

To  complete  the  list  of  Pleuronectoid  genera,  the  following 
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have  to  be  mentioned:  Soleotalpa  and  Apioniehthys,  Soles 
with  rudimentary  eyes ;  Ammopleurops^^  Apharistia,  and 
Plagiisia,  which  are  closely  allied  to  Cyrtoglossus,  the  latter 
genus  having  the  lips  provided  with  tentacles. 


FOUETH  ORDERr-PHYSOSTOMI. 

AU  the  fin-rays  articulated^  only  the  first  of  the  dorsal  and 
pectoral  fins  is  sometimes  ossified.  Ventral  fins,  if  pres&rU, 
abdominal,  xoithovi  spine.  Air-bladder,  if  present,  with  apnevr- 
matic  duct  {except  in  Sconibresocidce). 

First  Family — Silurid-s. 

Skin  naked  or  with  osseous  scutes,  but  without  scales. 
Barbels  always  present ;  maodUary  bone  rudimentary,  almost 
always  forming  a  support  to  a  rtuixiUary  barbel.  Margin  of 
the  upper  jaw  formed  by  the  intermaxillaries  only.  Svhoper- 
cvlum  absent.  Air-bladder  generally  present,  communicating 
with  the  organ  of  hearing  by  m^eans  of  the  auditory  ossicles. 
Adipose  fin  present  or  absent, 

A  large  family,  represented  by  numerous  genera,  which 
exhibit  a  great  variety  of  form  and  structure  of  the  fins ;  they 
inhabit  the  fresh  waters  of  all  the  temperate  and  tropical 
regions ;  a  few  enter  the  sea  but  keep  near  the  coast.  The 
first  appearance  of  Siluroids  is  indicated  by  some  fossil  remains 
in  tertiary  deposits  of  the  highlands  of  Padang  in  Sumatra, 
where  Pseudeutropius  and  Bagarivs,  types  well  represented  in 
the  living  Indian  fauna,  have  been  found.  Also  in  North 
America  spines  referable  to  Cat-fishes  have  been  found  in 
tertiary  formations. 

The  skeleton  of  the  typical  Siluroids  shows  many  peculia- 
rities.   The  cranial  cavity  is  not  membranous  on  the  sides, 
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but  closed  as  in  the  Cyprinidae,  by  the  orbitosphenoids  and 
the  ethmoid  that  unite  with  the  pre-frontals,  carrying  forward 
the  cranial  cavity  to  the  nasal  bone,  without  lea\'ing  a  mem- 
branous septum  between  the  orbits.     But  the  supraoccipital 
is  greatly  developed,  and  in  many  the  post-temporal  is  united 
by  suture  to  the  sides  of  the  cranium.    .  In  numerous  members 
of  the  family  the  skull  is  enlarged  posteriorly,  by  dermal 
ossifications,  to  form  a  kind  of  helmet  which  spreads  over  the 
nape ;  the  lateral  angles  of  this  production  are  formed  by  the 
suprascapulse,  augmented  and  fixed  by  suture,  and  the  median 
part  is  the  extension  of  the  supraoccipital,  which  is  generally 
very  large,  is  connected  anteriorly  with  the  frontal,  and  pass- 
ing backwards  between  the  post-frontals,  the  parietals,  the 
mastoids,  and  the  suprascapulae,  goes  past  them  all  on  to  the 
nape.     The  mastoids  interpose  between  the  post-frontals  and 
the  parietals,  so  as  to  come  in  contact  with  the  supraoccipital, 
and  the  parietals  but  little  developed  are  pressed  to  the  back 
part  of  the  cranium,  and  in  some  instances  wholly  disappear. 

The  suprascapula  most  frequently  unites  to  the  mastoid 
by  an  immovable  suture,  which  includes  the  parietal  when 
that  bone  is  present,  and  extends  even  to  the  supraoccipital 
It  gives  out  besides  two  processes,  one  of  them  resting  on  the 
exoccipital  and  basioccipital,  or  wedging  itself  between  them, 
and  the  other  going  to  the  first  vertebra ;  sometimes  a  plate 
from  the  exoccipital  supports  the  same  vertebra.  This  verte- 
bra, though  it  presents  a  pretty  continuous  centrum  beneath, 
is  in  reality  composed  of  three  or  four  coalescent  vertebrae,  as 
we  ascertain  by  its  diapophyses,  by  the  circular  elevations  of 
the  neural  canal,  and  by  the  holes  for  the  exit  of  the  pairs  of 
spinal  nerves.  There  is  great  variety  in  the  development  of 
the  various  processes  of  the  bones  we  have  mentioned,  and 
there  is  no  less  in  the  magnitude  and  connections  of  the  first 
three  intemeurals. 

In  general  in  the  species  which  have  a  strong  dorsal 
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spine  the  second  and  third  intemeurals  unite  to  form  a  single 
plate,  the  "buckler;"  the  great  spine  is  articulated  to  the 
third  intemeural,  and  there  is  only  the  vestige  of  a  spine  on 
the  second  intemeural  in  form  of  a  small  oval  bone,  forked 
below,  whose  function  is  to  act  as  a  bolt  or  fulcrum  to  the 
great  spine  when  the  fish  wishes  to  use  it  as  an  offensive 
weapon.  The  great  spine  itself  is  joined  by  a  ring  to  a 
second  spine,  which  belongs  to  the  third  intemeuraL  This 
articulation  by  ring  exists  in  Lophius  and  a  few  other  fishes 
not  of  this  family. 

The  first  intemeural  does  not  carry  a  ray,  and  it  varies 
much  in  the  species  whose  helmet  is  continuous  with  the 
buckler,  as  in  many  of  the  Bagri  and  Pimelodi  In  these 
cases  the  supraoccipital,  extending  backwards,  conceals  the 
first  intemeural,  passing  over  it  to  touch  with  its  point  the 
buckler  formed  by  the  second  and  third  intemeurals.  In 
other  instances,  as  in  Synodontis  and  Aucheniptems,  the  supra- 
occipital  and  second  intemeural,  forking  and  expanding,  in- 
close and  join  themselves  to  the  first  intemeural,  but  leave 
a  larger  or  smaller  space  in  the  middle  of  the  nuchal  armour 
which  they  contribute  to  form.  When  the  point  of  the  supra- 
occipital  does  not  reach  quite  to  the  second  intemeural,  the 
first  intemeural  remains  free  from  connection,  and  occasion- 
ally shows  as  a  narrow  plate  interposed  between  the  other 
two ;  in  such  a  case  the  helmet  is  not  continuous  with  the 
buckler. 

The  neural  spines  of  the  coalescent  centra,  which  form  the 
apparently  single  first  vertebra,  concur  also  in  sustaining  the 
nuchal  plate-armour  and  the  first  great  dorsal  spine.  They 
carry  the  intemeurals,  are  joined  to  them  by  suture,  and  one 
of  them  is  often  inclined  towards  the  occiput  to  assist  in  sus- 
taining the  head ;  in  fact,  this  part  of  the  skeleton  is  con- 
structed to  give  firm  mutual  support. 

The  shoulder-girdle  of  the  Siluroids  is  also  formed  to  give 

2o 
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resistance  to  the  strong  weapon  with  which  it  is  firequently 
armed.  The  post-temporal,  as  we  have  said  above,  is  often 
united  by  suture  to  the  cranium,  and  it  obtains  support  below 
by  one  or  two  processes  that  are  fixed  on  the  basioccipitals 
and  on  the  diapophysis  of  the  first  vertebra. 

In  most  osseous  fishes  the  clavicle  completes  the  lower 
key  of  the  scapular  arch  in  joining  its  fellow  by  suture  or 
synchondrosis  without  the  intervention  of  the  coracoid ;  but 
in  the  Siluroids  the  coracoid  descends  to  take  part  in  this 
joint,  and  sometimes  even  to  occupy  the  half  of  the  suture, 
which  is  not  unfrequently  constructed  of  very  deep  inter- 
locking serratures.  The  solidity  of  this  base  of  the  pectoral 
spine  is  further  augmented  by  the  intimate  union  of  the 
coracoid  and  scapula,  which  often  extends  to  junction  by 
suture,  or  even  to  coalescence ;  and  these  bones,  moreover, 
give  ofif  two  bony  arches— the  first  a  slender  one,  arising  from 
the  salient  edge  of  the  coracoid  near  the  pectoral  fin,  and 
going  to  the  interior  face  of  the  scapular  that  is  applied  to 
the  interior  surface  of  the  ascending  branch  of  the  clavicle; 
the  second  and  broader  supplementary  arch  is  often  perforated 
by  a  large  hole  ;  it  also  emanates  from  the  same  salient  edge 
of  the  radius,  but  proceeds  in  opposite  direction  to  the  inferior 
edge  of  the  clavicle,  a  little  before  the  insertion  of  the  pectoral 
spine.  The  two  arches  give  attachments  to  the  muscles  that 
move  this  spine;  in  the  Synodontes  and  many  Bagri  the 
upper  arch  remains  in  a  cartilaginous  or  ligamentous  condi- 
tion, while  in  Malapterurus  it  is  the  lower  arch  that  does  not 
ossify,  but  both  are  fully  formed  in  the  Siluri  and  many  other 
Siluroids  more  closely  allied  to  that  typical  genus.  The 
post-clavicle  is  also  wanting  in  the  Siluroids.  The  pterygoid 
and  entopterygoid  are  reduced  to  a  single  bone,  the  symplectic 
is  wholly  wanting,  and  the  palatine  is  merely  a  slender  cylin- 
drical bone.  The  sub-operculum  is  likewise  constantly  absent 
in  all  the  Siluroids. 
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The  great  number  of  dififerent  generic  types  has  necessi- 
tated a  further  division  of  this  family  into  eight  subdivisions : 

I.  SiLURiDiE  HoMALOPTERiE. — The  dorsol  and  anol  fins  are 
very  long,  nearly  equal  in  extent  to  the  corresponding  parts  of 
the  vertebral  column, 

« 

a.  Clarhna. 

Clarias. — Dorsal  fin  extending  from  the  neck  to  the  caudal, 
without  adipose  division.  Cleft  of  the  mouth  transverse, 
anterior,  of  moderate  width ;  barbels  eight ;  one  pair  of  nasal, 
one  of  maxillary,  and  two  pairs  of  mandibulary  barbels.  Eyes 
small.  Head  depressed ;  its  upper  and  lateral  parts  are  osseous, 
or  covered  with  only  a  very  thin  skin.  A  dendritic  accessory 
branchial  organ  is  attached  to  the  convex  side  of  the  second  and 
fourth  branchial  arches,  and  received  in  a  cavity  behind  the  gill- 
cavity  proper.  Ventrals  six-rayed;  only  the  pectoral  has  a 
pungent  spine.     Body  eel-like. 

Twenty  species  from  Africa,  the  East  Indies,  and  the  inter- 
mediate parts  of  Asia ;  some  attain  to  a  length  of  six  feet. 
They  inhabit  muddy  and  marshy  waters ;  the  physiological 
function  of  the  accessory  branchial  organ  is  not  known.  Its 
skeleton  is  formed  by  a  soft  cartilaginous  substance  covered 
by  mucous  membrane,  in  which  the  vessels  are  imbedded. 
The  vessels  arise  from  branchial  arteries,  and  return  the  blood 
into  branchial  veins.  The  vernacular  name  of  the  Nilotic 
species  is  "  Carmoot." 

Heterobranchus  differs  from  Clarias  only  in  the  structure 
of  the  dorsal  fin,  the  posterior  portion  of  which  is  adipose. 

The  geographical  range  of  this  genus  is  not  quite  co- 
extensive with  that  of  Clarias,  inasmuch  as  it  is  limited  to 
Africa  and  the  East-Indian  Archipelago.     Six  species. 

b,  Plotosina. 

Plotosus. — A  short  dorsal  fin  in  front,  with  a  pungent 
spine ;  a  second  long  dorsal  coalesces  with  the  caudal  and  anaL 
Vomerine  teeth  molar-like.     Barbels  eight  or  ten ;  one  immedi- 
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ately  before  the  posterior  nostril,  vhich  ta  remote   from  the 


Pig.  25S.  — Houth  of  Cnidogluua  megutomi,  AnrtimtU. 

anterior,  the  latter  being  quite  in  front  of  the  snout  Cleft  of 
the  mouth  transTerae.  Eyes  small  The  gill-membntnes  are  not 
confluent  with  the  skin  of  the  isthmus.  Ventral  fins  masy- 
rayed.     Head  depressed ;  body  elongate. 

Three  species  are  known  from  brackish  waters  of  tie 
Indian  Ocean  freely  entering  the  sea.  Plolosus  anguUlarU  is 
distinguished  by  two  white  longitudinal  bands,  and  is  one  of 
the  most  generally  distributed  and  common  Indian  fishes.— 


Fig.  269.— CnidoglaLis  microcephaliu. 

Copidoglanis  and  Cnidoglania  are  two  very  closely  allied  forms, 
chiefly  from  rivers  and  brackish  waters  of  Australia.  None 
of  these  Siluroids  attain  to  a  considerable  size.  Chaca,  from 
the  East  Indies,  belongs  likewise  to  this  sub-family. 
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II.  SiLURiDiE  Heteropteiue. — The  rayed  dorsal  fin  is 
very  little  developed,  and,  if  it  is  present,  it  belongs  to  the 
ahdoviinal  portion  of  the  vertebral  column ;  the  adipose  fin  is 
exceedingly  small  or  absent.  The  extent  of  the  anal  is  not 
much  inferior  to  that  of  the  caudal  vertebral  column.  The 
gill-membranes  overlap  the  isthmus,  remaining  more  or  less 
separate:  Silurina. 

Saccobranchus. — Adipose  fin  none  ;  dorsal  very  short, 
without  pungent  spine,  placed  above  the  ventrals.  Cleft  of  the 
mouth  transverse,  anterior,  of  moderate  width ;  barbels  eight. 
Eyes  rather  small.  The  upper  and  lateral  parts  of  the  head 
osseous  or  covered  with  a  very  thin  skin.  Gill-cavity  with  an 
accessory  posterior  sac,  extending  backwards  between  the  muscles 
along  each  side  of  the  abdominal  and  caudal  portions  of  the 
vertebral  column.     Ventrals  six-rayed. 

Small  fishes  from  East  Indian  rivers ;  four  species  are 

known.      The   lung-like   extension  of  the  branchial   cavity 

receives  water,  and  is  surrounded  by  contractile  transverse 

muscular  fibres  by  which  the  water  is  expelled  at  intervals. 

The  vessels  of  the  sac  take  their  origin  in  the  last  branchial 

artery,  and  pass  into  the  aorta. 

SiLURUS. — No  adipose  fin ;  one  very  short  dorsal,  without 
pungent  spine.  Barbels  four  or  six,  one  to  each  maxillary,  and 
one  or  two  to  each  mandible.  Nostrils  remote  from  each  other. 
Head  and  body  covered  with  soft  skin.  The  eye  is  situated 
above  the  level  of  the  angle  of  the  mouth.  The  dorsal  fin  is 
anterior  to  the  ventrals  which  are  composed  of  more  than  eight 
rays.     Caudal  rounded. 

This   genns,   of  which  five   species  are  known,  inhabits 

the  temperate  parts  of  Europe  and  Asia.     The  species  which 

has  given  the  name  to  the  whole  family,  is  the  "  Wels "  of 

the  Germans,  Silurus  glanis.     It  is  found  in  the  fresh  waters 

east  of  the  Ehine,  and  is,  besides  the  Sturgeons,  the  largest 

of  European  Freshwater-fishes,  and  the  only  species  of  this 

family  which  occurs  in  Europe.     Barbels  six.     It  attains  to 
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a  weight  of  300   or  400  lbs.,  and   the  flesh,  especially  of 
smaller  specimens,  is  firm,  flaky,  and  well  flavoured.    Aris- 


Fig.  260.— The  "  Wels,"  SUurU  glania. 

totle  described  it  imder  the  name  of  Glanis.  Its  former 
occurrence  in  Scotland  has  justly  been  denied.  In  China  it 
is  represented  by  a  similar  species,  S.  asotus,  which,  however, 
has  four  barbels  only. 

This  sub -family  is  well  represented  by  various  other 
genera  in  the  fresh  waters  of  the  African  as  well  as  Indian 
region.  African  genera  are  Schilbe  and  Eviropius ;  East 
Indian  :  SihirichthySy  Wallago,  Bdodontichthys,  MUropiichthys, 
Cryptopterus,  Callichrous,  HemisUurus,  Siluranodan,  Ailia, 
SchilbicfUhys,  Lais,  Psevdeviropiics,  FangasitLS,  HelicopJuigus, 
and  SUondia. 

III.  SiLURiDiE  ANOMALOPTERiE. — DoTsal  and  odipose  fins 
very  short,  the  fomur  lelonging  to  the  caudal  vertebi'al  column ; 
anal  very  long,  Ventrals  in  front  of  the  dorsal,  QUI- 
membranes  entirely  separate,  overlapping  the  isthmus:   (Hy- 

POPHTHALMINA. 

HypoPHTHAUdus. — ^Dorsal  fin  with  seven  rays,  the  first  of 
which  is  slightly  spinous.  The  lower  jaw  is  rather  the  longer. 
Barbels  six,  those  of  the  mandible  long.  No  teeth ;  inter- 
maxillaries  very  feeble.  Head  covered  with  skin.  Eye  of  mode- 
rate size,  situated  behind  and  below  the  angle  of  the  mouth. 
Ventrals  small,  six-rayed. 
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Four  species  from  tropical  America.  The  second  genus 
of  this  sub-family  is  Helogenes  from  the  Essequibo. 

rV.  SiLURlDiE  PROTEROPTERiE. — The  rayed  dorsal  Jin  is 
alioays  present^  shorty  with  not  more  than  twelve  short  raySj 
and  belongs  to  the  abdominal  portion  of  the  vertebral  column, 
being  placed  in  advance  of  the  ventrah.  The  adipose  fin  is  always 
present  and  well  developed,  although  frequently  short.  The 
extent  of  the  avxd  is  mtich  inferior  to  that  of  the  caudal  verte- 
bral column.  The  gill-membranes  are  not  confluent  with  the 
skin  of  the  isthmus,  their  posterior  margin  always  remaining 
free  even  if  they  are  united  with  each  other.  Whenever  the 
neisal  barbel  is  present  it  belongs  to  the  posterior  nostril. 

a.  Bagrina« 

Bagrus. — Adipose  fin  long ;  a  short  dorsal  with  a  pungent 
spine  and  nine  or  ten  soft  rays ;  anal  fin  short,  with  less  than 
twenty  rays.  Barbels  eight.  The  anterior  and  posterior  nostrils 
are  remote  from  each  other,  the  posterior  being  provided  with  a 
barbel.  Teeth  on  the  palate  in  a  continuous  band.  Eyes  with 
a  free  orbital  margin.     Caudal  forked ;  ventrals  six-rayed. 

This  genus  consists  of  two  species  only,  common  in  the 

Nile,  viz.  the  "  Bayad,"  B.  bayad,  and  B.  docmac.     Both  grow 

to  a  large  size,  exceeding  a  length  of  five  feet,  and  are  eaten. 

Chrysichthys  and  Clarotes  are  two  other  Siluroid  genera  from 

African  rivers,  closely  allied  to  Bagrus.     Similar  Siluroids  are 

common  in  the  East  Indies,  and  have  been  referred  to  the 

following  genera :  Mctcrones,  Pseudobagrus,  Liocassis,  Bagroides, 

Bagrichthys,  Rita,  Acrochordonichthys,  Akysis. 

b.  Amiurina. 

Amiurus. — Adipose  fin  of  moderate  length  ;  a  short  dorsal 
with  a  pungent  spine  and  six  soft  rays ;  anal  fin  of  moderate 
length.  Barbels  eight.  The  anterior  and  posterior  nostrils  are 
remote  from  each  other,  the  posterior  being  provided  with  a  bar- 
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bel.     Palate  edentulous.     Head  covered  with  skin  above.     Ven- 
trals  eight-rayed. 

The  "Cat-fishes"  of  North  America,  of  which  about  a 

dozen  different  species  are  known.     One  species  occurs  in 

China.     Allied,  but  smaller  forms  are  Hopladelus  and  Notu- 

rus,  likewise  from  North  America. 

C.  PiMELODINA. 

Platystoma. — Adipose  fin  of  moderate  length ;  a  short  dor- 
sal fin  with  a  pungent  spine  and  six  or  seven  soft  rays ;  anal  fin 
rather  short.  Snout  very  long,  spatulate,  with  the  upper  jaw 
more  or  less  projecting;  the  upper  surface  of  the  head  not 
covered  by  the  skin.  Barbels  six;  the  anterior  and  posterior 
nostrils  remote  from  each  other,  none  with  a  barbel.  Palate 
toothed.  Caudal  forked;  ventrals  six-rayed,  inserted  behind 
the  dorsal. 

Twelve  species  from  South  America,  some  attaining  a 
length  of  six  feet,  the  majority  being  ornamented  with  deep- 
black  spots  or  bands.  Allied  genera  from  South  America, 
likewise  distinguished  by  a  long  spatulate  snout,  are  Sorvhimy 
Hemisoruhim,  and  Plaiystomatichthys,  whilst  Phractocephcdus, 
FiramtUana,  PlatynematichthySy  Piratinga,  Bagropsis,  and 
Sciades,  have  a  snout  of  ordinary  length.  The  barbels  of  some 
are  of  extraordinary  length,  and  not  rarely  dilated  and 
bandlike. 

PiMELODUS. — Adipose  fin  well  developed ;  dorsal  fin  short, 
with  a  more  or  less  pungent  spine  and  six  rays ;  anal  fin  short 
Barbels  six,  cylindrical  or  slightly  compressed,  none  of  them 
belonging  to  either  of  the  nostrils,  which  are  remote  from  each 
other.  Palate  edentulous.  Ventrals  six-rayed,  inserted  behind 
the  dorsal 

Of  all  South  American  genera  this  is  represented  by  the 
greatest  number  of  species,  more  than  forty  being  well 
characterised ;  they  differ  chiefly  with  regard  to  the  length  of 
the  adipose  fin  and  barbels,  and  the  strength  of  the  dorsal 
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spine.  Singularly,  two  species  {P.  platychir  and  P.  halayi), 
are  found  in  West  Africa.  The  majority  are  of  but  moderate 
size  and  plain  coloration. — ^Allied  South  American  genera  (also 
without  teeth  on  the  palate),  are  Pirinampus,  Conorhynchus, 
Notoglanis,  Callophysus,  Zophiosilwrus. 

AuCHENOGLAJ^is. — Adipose  fin  rather  long,  dorsal  short,  with 
a  pungent  spine  and  seven  rays ;  anal  short.  Snout  produced, 
pointed,  with  narrow  mouth.  Barbels  six,  none  of  which  belongs 
to  either  of  the  nostrils,  which  are  remote  from  each  other.  The 
teeth  of  each  jaw  form  a  pair  of  small  elliptic  patches  which  are 
longer  than  broad ;  palate  edentulous.  Eyes  of  moderate  size. 
Ventrals  sLx-rayed. 

One  species,  Au.  hiscutatus,  from  the  Mle,  Senegal,  and 

other  West  African  rivers. 

d,  Ariina. 

Arius. — Adipose  fin  of  moderate  length  or  short ;  a  short 
dorsal  fin  with  a  pungent  spine  and  seven  soft  rays ;  anal  fin 
rather  short  Head  osseous  above ;  barbels  six,  four  at  the 
mandible,  none  at  either  of  the  nostrils  which  are  close  together. 
Eyes  with  a  free  orbital  margin.  Caudal  fin  forked ;  ventrals 
six-rayed,  behind  the  dorsal. 

Of  aU  Siluroid  genera  this  has  the  greatest  number  of 

species  (about  seventy),  and  the  widest  distribution,  being 

represented  in  almost  all  tropical  countries  which  are  drained 

by  large  rivers ;  some  of  the  species  prefer  brackish  to  fresh 

water,  and  a  few  enter  the  sea,  but  keep  near  to  the  coast. 

Some  of  the  species  are  of  small  size,  whilst  others  exceed  a. 

length  of  five  feet     The  extent  of  the  armature  of  the  neck 

and  the  dentition  vary  much  in  the  different  species,  and 

affords  two  of  the  principal  characters  by  which  the  species 

are  separated. — The  following  genera   are  allied  to  Ariiis, 

GcUeicfUhys  from  South  Africa  ;  Genidens  and  Paradiplomystax 

from   Brazil;  Diplomystax  from   Chile;   Aelurichthys  from 

Central  and  South  America ;  Hemipimelodus,  Ketengus,  Osteo- 


geaiosus,  and  Batrachocephalus  from  the  East  Indies;   and 
AiopochUua  from  West  Africa. 


^"^ 


Tig.  261. — Arini  aiutnJia^  thim  QueeiiBUnd. 


e.  Baoabiina. 
Baqarius. — Adipose  fin  rather  short ;  a  short  dorsal  with 
one  spine  and  six  r&ys ;  aaitl  fin  of  moderate  length.  Barbels 
eight,  of  which  one  pair  stands  between  the  anterior  and  posterior 
nostrils  which  are  close  together.  Head  naked  above.  Candal 
fin  deeply  forked ;  veutrals  rays  six.  Thgrax  without  longitu- 
dinal plaits  of  the  skin. 
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i  of  India  and 


A  large  Siluroid  {£.  Ja^niw)  from  i 
ava ;  exceeding  a  lei^h  of  six  feet. 

EuGLYPTO STERNUM. — Adipose  fin  of  moderate  length  ;  a.  ehort 
.orsal  with  a  pungent  spine  and  six  rays  ;  anal  fin  short.  Bar- 
«l8  eight,  of  which  one  pair  is  placed  between  the  anterior  and 


Pig.  2S2.— Englnito^ 


I,  thoracic  adhesive  apparatus. 


osterior  nostriU  which  are  close  together.  Teeth  on  the  palate 
illiform,  in  two  separate  patches.  Eyes  small,  below  the  skin, 
iaudal  forked ;  ventral  rays  six  Pectorals  horizontal,  with  a 
boracic  adhesive  apparatus  between,  which  is  formed  by  longitu- 
inal  plaits  of  the  skin. 

This  fish  {Hu.  coum)  inhabits  the  river  Coic  in  Syria,  and 
)  about  twelve  inches  long.  The  plaited  structure  on  the 
hoiax  probably  increases  the  capabiHty  of  the  fish  of  main- 
uning  ite  position  in  the  rapid  current  of  the  stream,  a  func- 
Lon  which  appears  to  be  chiefly  performed  by  the  horizontally 
zpanded   pectoral  ^as.      A  similar  structure  is  found  in 
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Glyptostemum,  a  genus  represented  hj  eight  species  in  moun- 
tain streams  of  the  East  Indies,  and  differing  fix)m  the  Syrian 
species  in  lacking  the  teeth  on  the  palate. 

V.  SiLURiDiE  STENOBRANCHliE. —  The  rayed  dorsal  Jin  is 
short,  if  present,  belonging  to  the  abdominal  portion  of  the  verte- 
bral column,  the  ventrals  being  inserted  behind  it  (except  in 
Rhinoglanis).  The  gUl-membranes  are  confluent  with  the  skin 
of  the  isthmus. 

a.  DORADINA, 

Some  of  the  genera  have  no  bony  shields  along  the  lateral 
line,  and  a  small  adipose  fin  or  none  whatever ;  all  of  these 
are  South  American — Ageniosus,  Tetranemaiichthys,  EuaM- 
mus,Auchcnipterus,Glanidium,  Centromochlus,  Trachelyopterm, 
Cetopsis,  and  Astrophysus. 

Others  have  a  series  of  bony  scutes  along  the  middle  of 
the  side ;  they  form  the  genus  Doras  with  two  closely  alhed 
forms,  Oxydoras  and  Bhinodoras.  Some  twenty-five  species 
are  known,  all  from  rivers  of  tropical  America,  flowing  into 
the  Atlantic.  These  fishes  have  excited  attention  by  their 
habit  of  travelling,  during  the  dry  season,  from  a  piece  of  water 
about  to  dry  up,  in  quest  of  a  pond  of  greater  capacity. 
These  journeys  are  occasionally  of  such  a  length  that  the 
fish  spends  whole  nights  on  the  way,  and  the  bands  of 
scaly  travellers  are  sometimes  so  large  that  the  Indians  who 
happen  to  meet  them,  fiU  many  baskets  of  the  prey  thus 
placed  in  their  hands.  The  Indians  supposed  that  the  fish 
carry  a  supply  of  water  with  them,  but  they  have  no  special 
organs,  and  can  only  do  so  by  closing  the  gill-openings,  or  by 
retaining  a  little  water  between  the  plates  of  their  bodies,  as 
Hancock  supposes.  The  same  naturalist  adds  that  they  make 
regular  nests,  in  which  they  cover  up  their  eggs  with  care 
and  defend  them,  male  and  female  uniting  in  this  parental 
duty  until  the  eggs  are  hatched.    The  nest  is  constructed  at 
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the  beginning  of  the  rainy  season,  of  leaves,  and  is  sometimes 
placed  in  a  hole  scooped  out  in  the  beach. 

Finally,  in  the  last  genus,  the  lateral  scutes  are  likewise 
absent,  viz.  in 

Synodontis. — The  adipose  fin  is  of  moderate  length  or 
rather  long ;  the  dorsal  fin  has  a  very  strong  spine  and  seven 
soft  rays.  The  teeth  in  the  lower  jaw  are  movable,  long,  very 
thin  at  the  base,  and  with  a  slightly-dilated  brown  apex.  Mouth 
small.  Barbels  six,  more  or  less  fringed  with  a  membrane  or 
with  filaments.     Neck  with  broad  dermal  bones. 

Synodontis    is   characteristic   of   the    fauna   of   tropical 

Africa,  where  it  is  represented  by  fifteen  species.     Several 


Fig.  263. — Synodontis  xiphias. 

occur  in  the  Nile,  and  are  known  by  the  vernacular  name 
"SchaL"  Some  attain  a  length  of  two  feet.  The  species 
figured  is  from  West  Africa,  and  characterised  by  its  long 
upper  jaw. 

S.  Ehinoglanina. 

Rhinoglanis. — Two  dorsal  fins,  both  composed  of  rays,  the 
first  with  a  strong  spine ;  anal  rather  short.  Barbels  six ; 
anterior  and  posterior  nostrils  close  together,  the  posterior  very 
large,  open.  Neck  with  broad  dermal  bones.  Ventrals  with 
seven  rays,  inserted  below  the  posterior  rays  of  the  first  dorsal 
fin. 

This  Siluroid  is  known  from  a  single  example  only  one  and 
a  half  inches  long,  obtained  at  Gondokoro  on  the  Upper  Nile. 
Cdttomifstax  represents  this  type  in  the  Ganges  and  Indus. 
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c.  Malapterurina. 

Malapterurus. — One  dorsal  fin  only,  which  is  adipose  and 
situated  before  the  caudal ;  anal  of  moderate  length  or  short ; 
caudal  rounded ;  ventrals  six-rayed,  inserted  somewhat  behind 
the  middle  of  the  body ;  pectorals  without  pungent  spine. 
Barbels  six :  one  to  each  maxillary  and  two  on  each  side  of  the 
mandible.  The  anterior  and  posterior  nostrils  are  remote  from 
each  other.  No  teeth  on  the  palate.  The  entire  head  and 
body  covered  with  soft  skin.  Eyes  small.  Gill-opening  very 
narrow,  reduced  to  a  slit  before  the  pectoral 

The  "  Electric  Cat-  or  Sheath-fishes  "  are  not  uncommon  in 

the  fresh  waters  of  tropical  Africa ;  three  species  have  been 

described,  of  which  M.  electricus  occurs  in  the  Nile ;  they 


Fig.  264. — Malaptemrus  electricus. 

grow  to  a  length  of  about  four  feet  Although  the  first 
dorsal  fin  is  absent,  its  position  (if  it  had  been  developed)  is 
indicated  by  a  rudimentary  intemeural  spine,  which  rests  in 
the  cleft  of  the  neural  process  of  the  first  vertebra.  The 
electric  organ  extends  over  the  whole  body,  but  is  thickest 
on  the  abdomen ;  it  lies  between  two  aponeurotic  membranes, 
below  the  skin,  and  consists  of  rhomboidal  cells  which  con- 
tfidn  a  rather  firm  gelatinous  substance.  The  electric  nerve 
takes  its  origin  from  the  spinal  chord,  does  not  enter  into 
connection  with  ganglia,  and  consists  of  a  single  enormously- 
strong  primitive  fibre,  which  distributes  its  branches  in  the 
electric  organ. 

VI.  SiLURiDiE  Proteropodes.^ — The  rayed  dorsal  fin  is 
always  present  and  rather  short;  the  ventrals  are  inserted  below 
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{very  rarely  in  front  of)  the  dorsal.  The  gill-membranes  are 
confiuerU  with  the  skin  of  the  isthmus,  the  gill-opening  being 
reduced  to  a  short  slit.  Pectorals  and  ventrals  horizonial. 
Vent  before,  or  not  much  behind,  the  middle  of  the  length  of  the 
body, 

a,  Hypostomatina. 

Stygogenes. — Adipose  fin  short ;  dorsal  and  anal  short ; 
the  outer  fin-rays  somewhat  thickened  and  rough ;  palate  tooth- 
less ;  cleft  of  the  mouth  of  moderate  width,  with  a  maxillary 
barbel  on  each  side ;  a  short  broad  flap  on  each  side  between 
the  nostrils,  which  are  close  together.  Lower  lip  very  broad, 
pendent.  Eyes  small,  covered  with  transparent  skin.  Head 
covered  with  soft  skin.     Ventrals  six-rayed. 

These  small  Siluroids,  which  are  called  "  Prefiadillas  "  by 
the  natives,  together  with  the  allied  Arges,  Brontes,  and  Astro- 
plebus,  have  received  some  notoriety  through  Humboldt's 
accounts,  who  adopted  the  popular  belief  that  they  live  in 
subterranean  waters  within  the  bowels  of  the  active  volcanoes 
of  the  Andes,  and  are  ejected  with  streams  of  mud  and 
water  during  eruptions.  Humboldt  himself  considers  it  very 
singular  that  they  are  not  cooked  and  destroyed  whilst  thev 
are  vomited  forth  from  craters  or  other  openings.  The  ex- 
planation of  their  appearance  during  volcanic  eruptions  is, 
that  they  abound  in  the  numerous  lakes  and  torrents  of 
the  Andes,  that  they  are  killed  by  the  sulphuretted  gases 
escaping  during  an  eruption,  and  swept  down  by  the  torrents 
of  water  issuing  from  the  volcano. 

Callichthys. — Adipose  fin  short,  supported  anteriorly  by 
a  short  movable  spine ;  dorsal  with  a  feeble  spine  and  seven  or 
eight  rays ;  anal  short  Teeth  minute  or  entirely  absent ;  cleft 
of  the  mouth  rather  narrow,  with  a  pair  of  maxillary  barbels  on 
each  side,  which  are  united  at  the  base.  Eyes  small.  Head 
covered  with  osseous  plates ;  body  wholly  protected  by  two 
series  of  large  imbricate  shields  on  each  side.    Ventrals  six-rayed. 


Twelve  species  of  this  genus  are  knovn ;  they  are  small, 
and  similarly  distributed  as  Doras,  with  which  they  have 


Elg.  265.— CsUiditbys  onnatiu,  bom  the  Dpper  Anuion.     Natnnl 


much  in  common  as  r^ards  their  mode  of  life.  They  like- 
wise are  able  to  travel  over  land,  and  construct  nests  for 
their  ova, 

Ch^tostohus, — A  short  adipose  fin,  supported  anterioriy 
by  a  short,  compressed,  curved  spine ;  dorsal  fin  of  moderate 
length,  with  from  eight  to  ten  rays,  the  first  of  which  is  simple ; 
anal  fin  short ;  ventral  aix-rayed ;  pectoral  with  a  stjvng  spine. 
Head  and  body  completely  cuiraased,  the  lower  parts  heang 
sometimes  naked ;  body  rather  short,  with  four  or  five  lonp- 
tudinal  series  of  large  imbricate  scutes  on  each  sidej  tail  not 
depressed.  Snout  produced,  obtuse  in  front ;  mouth  inferior, 
transverse,  with  a  single  series  of  generally  very  fine  bent  teeth 
in  both  jawa  Interoperculum  very  movable  and  armed  with 
erectile  spines. 

This  genus,  with  the  allied  Plecostomus,  Liposareus,  Ptery- 
goplichthys,  Khinelepis,  Acanthiais,  and  Xenomystus,  is  well 
represented  in  the  fresh  waters  of  South  America,  whence 
about  sixty  species  are  known.  The  majority  do  not  exceed 
a  length  of  twelve  inches,  but  some  attain  to  more  than 
double  that  size.    In  some  of  the  species  the  male  is  provided 
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with  long  bristles  round  the  margin  of  the  snont  and  inter- 
operculnin. 


Rg,  266.— Upper  and  Lower  side  ol  the  head  of  CluttoaUnntu 
AxUracanlhut,  Uppar  A 


Hypoptopoma.  —  Differing  from  Ouelosionaa  in  the  peculiar 
formation  of  the  head,  which  is  depressed,  spatulate,  the  e^ 


Fig.  2ffi  .—Sypiqitopvma  thoramium.  Upper  Amazons,     Natural  aiie. 

being  od  the  lateral  edge  of  the  head.     The  movable  ^1-coren 

are  reduced  to  two  bones,  neither  of  which  is  armed,  viz. — the 
operculum  small  and  placed  as  in  Chalostomvs,  and  a  second, 
larger  one,  separated  from  the  eye  by  the  narrow  sub-orbitiJ 
ring,  and  placed  at  the  lower  Bide  of  the  head. 

LORICAltlA. — One  short  dorsal  fin  ;  anal  short ;  the  outer 
ray  of  each  fin  thickened,  but  flexible.  Head  depressed,  wilh 
the  snout  more  or  less  produced  and  spatulate.  Mouth  situated 
at  the  lower  side  of  the  snout,  remote  from  its  extremity,  trans- 
verse, surrounded  by  broad  labial  folds  which  are  sometimes 
fringed ;  a  short  barbel  at  each  comer  of  the  mouth.  Teeth  in 
the  jaws  small,  bent,  with  a  dilated,  notched  apez,  in  a  single 
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series,  Bometimes  absent.     Head  and  body  cuirassed ;   tail  de- 
pressed, long ;  eye  ratlier  small  or  of  moderate  size. 


Fig.  26S. — Loricaria  lanceolata.  Upper  AmozoDS,     Nktunl  aize. 

Small  fishes  from  rivers  of  tropical  America ;  about 
twenty-six  species  are  known.  The  male  of  some  species  has 
a  bearded  or  bristly  snout. 

ACESTRA  differs  from  Loricaria  in  haTing  tlie  snout  much 
prolonged. 
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SisOR. — Head  depressed,  spatulate  ;  trunk  depressed  ;  tail 
long  and  thin.  One  short  dorsal  fin  ;  anal  short  ;  yentnds 
seven-rayed.  Head  partially  osseous,  rough ;  a  series  of  bony 
plates  along  the  median  line  of  the  back ;  lateral  line  rough. 
Eyes  very  small.  Mouth  inferior,  small,  transverse,  with  bar- 
bels ;  teeth  none. 

A  single  species,  S,  rhahdophoras,  from  rivers  of  northern 
Bengal.    Allied  to  this  genus  is  Erethides  from  Assam. 

PsEUDECHENEis. — Adipose  fin  of  moderate  length ;  a  short 
dorsal  with  one  spine  and  six  rays  ;  anal  fin  rather  short.  Bar- 
bels eight.  Mouth  small,  inferior.  Head  depressed,  covered 
with  soft  skin  above ;  eyes  small,  superior.  Caudal  fin  forked ; 
pectorals  horizontal,  with  a  thoracic  adhesive  apparatus  between, 
formed  by  transverse  plaits  of  the  skin.     Ventrals  six-rayed. 

A  very  small  species,  inhabiting  the  mountain-streams 
of  Khassya ;  by  means  of  the  adhesive  apparatus  it  is  enabled 
to  hold  on  to  stones,  thus  preventing  the  current  from  sweep- 
ing it  away.  Exostoma  is  a  similar  small  Siluroid  from  Indian 
mountain-streams,  but  without  the  thoracic  apparatus;  pro- 
bably its  mouth  performs  the  same  function. 

K   ASPREDININA. 

AsPREDO. — Adipose  fin  none ;  dorsal  short,  without  pungent 
spine ;  anal  very  long,  but  not  united  with  the  caudal  Head 
broad,  much  depressed ;  tail  very  long  and  slender.  Barbels 
not  less  than  six,  one  of  which  is  attached  to  each  intermaxillaiy ; 
none  at  the  nostrils.  Eyes  very  small.  Head  covered  with  soft 
skin ;  the  anterior  and  posterior  nostrils  are  remote  from  each 
other.     Ventrals  six-rayed. 

Six  species  are  known  from  Guyana ;  the  largest  grows  to 
a  length  of  about  eighteen  inches.  The  remarkable  mode  of 
taking  care  of  their  ova  has  been  noticed  above  (p.  161,  Fig. 
72).  BiiTioc^phahcs,  BunocephalicfUhySf  and  Harttia,  from 
tropical  America,  are  other  genera  of  this  sub-family  which 
remain  to  be  mentioned. 
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VIL  SiLURiDiE  Opisthopter^  —  The  rayed  dorsal  fin  is 
always  present,  short,  and  placed  above  or  behind  the  middle 
of  the  length  of  the  body,  above  or  behind  the  ventrals  which, 
however,  are  sometimes  absent;  anal  short,  Nostrils  remote 
from  each  other  ;  if  a  nasal  barbel  is  present,  it  belongs  to  the 
anterior  nostril.  Lower  lip  not  reverted.  The  gill-mcmbran^s 
are  not  confluent  with  tJie  skin  of  the  isthmus :  Nematogenyin A 
and  Trichomycterina. 

Tlie  genera  Heptapterns,  Nematogenys,  Ti^ichomycterus,  Ere- 
mophilus,  and  Pariodon,  belong  to  this  sub-family.  They 
are  small  South  American  Siluroids,  the  majority  of  which 
inhabit  waters  at  high  altitudes,  up  to  14,000  feet  above 
the  level  of  the  sea.  In  the  Andes  they  replace  the  Loaches 
of  the  Northern  Hemisphere,  which  they  resemble  in  appear- 
ance and  habits,  and  even  in  coloration,  offering  a  striking 
example  of  the  fact  that  similar  forms  of  animals  are  pro- 
duced under  similar  external  physical  conditions. 

VIII.  SlLURlD^  BRANCHICOL.E. — The  rayed  dorsal  fin  is 
present,  short,  and  placed  behind  the  ventrals  ;  anal  short.  Vent 
far  behind  the  middle  of  the  length  of  the  body,  Gill'mem- 
branes  confiuent  with  the  skin  of  the  isthmus, 

Stegophilus  and  Vanddlia,  two  genera  from  South  America, 
comprising  the  smallest  and  least  developed  Siluroids.  Their 
body  is  narrow,  cylindrical,  and  elongate ;  a  small  barbel  at 
each  maxillary ;  the  operculum  and  inter-operculum  are 
armed  with  short  stiff  spines.  The  natives  of  Brazil  accuse 
these  fishes  of  entering  and  ascending  the  urethra  of  persons 
while  bathing,  causing  inflammation  and  sometimes  death. 
This  requires  confirmation,  but  there  is  no  doubt  that  they 
live  parasitically  in  the  gill-cavity  of  larger  fishes  (Flaty- 
stoma),  but  probably  they  enter  these  cavities  only  for  places 
of  safety,  without  drawng  any  nourishment  from  their 
host. 


V 
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Second  Family — Scopelid-*. 

Body  naked  or  scaly.  Margin  of  the  upper  jaw  formed  by 
the  intermaxillary  only;  opercular  apparatus  sometimes  in- 
completely developed.  Barbels  none.  Gill-opening  very  wide; 
pseudobranchice  tcdl  developed.  Air-bladder  nxme.  Adipose 
fin  present.  The  eggs  are  enclosed  in  the  sacs  of  the  ovary y  and 
excluded  by  oviducts.  Pyloric  appendages  few  in  number  or 
absent.     Intestinal  tract  very  short. 

Exclusively  marine,  the  majority  being  either  pelagic  or 
deep-sea  forms.  Of  fossil  remains  the  following  have  been 
referred  to  this  family : — Osmeroides,  from  Mount  Lebanon, 
which  others  believe  to  be  a  marine  salmonoid ;  Hemisaurida, 
from  Comen,  allied  to  Saurus;  Parascopdus  and  AnapteruSy 
from  the  miocene  of  Licata,  the  latter  genus  allied  to 
Paralepis. 

Saurus  (inclus.  Saurida). — Body  sub-cylindrical,  rather  elong- 
ate, covered  with  scales  of  moderate  size ;  head  oblong ;  cleft  of 
the  mouth  very  wide ;  intermaxillary  very  long,  styliform,  tape^ 
ing ;  maxillary  thin,  long,  closely  adherent  to  the  intermaxillary. 
Teeth  card-like,  some  being  elongate,  slender;  all  can  be  laid 
downwards  and  inwards.  Teeth  on  the  tongue,  and  palatine 
bones.  Eye  of  moderate  size.  Pectorals  short ;  ventrals  eight- 
or  nine-rayed,  inserted  in  advance  of  the  dorsal,  not  far  behind 
the  pectorals.  Dorsal  fin  nearly  in  the  middle  of  the  length  of 
the  body,  with  thirteen  or  less  rays;  adipose  fin  smaU;  anal 
short  or  of  moderate  length ;  caudal  forked. 

Fifteen  species   of  small  size,   from  the  shores  of  the 

tropical  and  sub-tropical  zones.      The  species   figured    on 

p.  42,  Fig.  5,  occurs  on  the  north-west  coast  of  Australia  and 

in  Japan. 

Bathysaurus. — Shape  of  the  body  similar  to  that  of  Saurus, 
sub-cylindrical,  elongate,  covered  with  small  scales.  Head  de- 
pressed, with  the  snout  produced,  flat  above.     Cleft  of  the  mouth 
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very  wide,  with  the  lower  jaw  projecting;  intermaxillary  very  long, 
styliform,  tapering,  not  movable.  Teeth  in  the  jaws,  in  broad 
bands,  not  covered  by  lips,  curved,  unequal  in  size  and  barbed  at 
the  end.  A  series  of  similar  teeth  runs  along  the  whole  length  of 
each  side  of  the  palate.  Eye  of  moderate  size,  lateral.  Pectoral 
of  moderate  length.  Ventral  eight-rayed,  inserted  immediately 
behind  the  pectoral  Dorsal  fin  in  the  middle  of  the  length  of 
the  body,  with  about  eighteen  rays.  Adipose  fin  absent  or  pre- 
sent.    Anal  of  moderate  length.     Caudal  emarginate. 

Deep-sea  fishes,  obtained  in  the  Pacific  at  depths  varying 

from  1100  to  2400  fathoms.     The  largest  example  is  twenty 

inches  long.     Two  species. 

Bathypterois. — Shape  of  the  body  like  that  of  an  Aulopus, 
Head  of  moderate  size,  depressed  in  front,  with  the  snout  pro- 
jecting, the  large  mandible  very  prominent  beyond  the  upper 
jaw.  Cleft  of  the  mouth  wide ;  maxillary  developed,  very  mov- 
able, much  dilated  behind.  Teeth  in  narrow  villiform  bands  in 
the  jaw&  On  each  side  of  the  broad  vomer  a  small  patch  of 
similar  teeth ;  none  on  the  palatines  or  on  the  tongue.  Eye  very 
small.  Scales  cycloid,  adherent,  of  moderate  size.  Eays  of  the 
pectoral  fin  much  elongated,  some  of  the  upper  being  separate 
fix)m  the  rest,  and  forming  a  distinct  division.  Ventrals  ab- 
dominal, with  the  outer  rays  prolonged,  eight-rayed.  Dorsal  fin 
inserted  in  the  middle  of  the  body,  above  or  immediately  behind 
the  root  of  the  ventral,  of  moderate  length.  Adipose  fin  present 
or  absent.     Anal  short.     Caudal  forked. 

This  very  singular  form  is  one  of  the  discoveries  of  die 

"Challenger;"  it  is  widely  distributed  over  the  seas  of  the 

Southern  Hemisphere,  in  depths  varying  from  520  to  2600 

fathoms.     The    elongate  pectoral  rays  are  most  probably 

organs  of  touch.     Four  species  were  discovered,  the  largest 

specimen  being  thirteen  inches  long. 

Harpodon. — Body  elongate,  covered  with  very  thin,  dia- 
phanous, deciduous  scales.  Head  thick,  with  very  short  snout ; 
its  bones  are  very  soft,  and  the  superficial  ones  are  modified  into 
wide  muciferous  cavities ;  the  lateral  canal  of  the  body  is  also 
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very  wide,  and  a  pair  of  pores  corresponds  to  each  scale  of  the 
lateral  line,  one  heing  above,  the  other  below  the  scale.  Cleft 
of  the  mouth  very  wide;  intermaxillary  very  long,  styliform, 
tapering ;  maxillary  absent.  Teeth  card-like,  recurved,  unequal 
in  size ;  the  largest  are  in  the  lower  jaw,  and  provided  with  a 
single  barb  at  the  posterior  margin  of  the  point.  Eye  small. 
Ventral  fins  long,  nine-rayed,  inserted  below  the  anterior  dorsal 
rays ;  dorsal  fin  in  the  middle  of  the  length  of  the  body ;  adi- 
pose fin  small ;  anal  of  moderate  length ;  caudal  fin  three-lobed, 
the  lateral  line  being  continued  along  the  central  lobe.  Centre 
of  the  vertebrae  open  in  the  middle. 

Two  species  only  are  known  of  this  singular  genus  ;  both 
are  evidently  inhabitants  of  considerable  depths,  and  periodi- 
cally come  nearer  to  the  surface.  One  {H,  nehereus)  is  well 
known  in  the  East  Indies,  being  of  excellent  flavour.  When 
newly  taken  its  body  is  brilliantly  phosphorescent.  When 
salted  and  dry  it  is  known  under  the  names  of  "  Bombay- 
ducks  "  or  "  Bummaloh,"  and  exported  in  large  quantities 
from  Bombay  and  the  coast  of  Malabar.  The  second  species 
(J7".  microchir)  exceeds  the  other  in  length,  and  has  been 
found  in  the  sea  oflF  Japan. 

ScoPELUS. — ^Body  oblong,  more  or  less  compressed,  covered 
with  large  scales.  Series  of  phosphorescent  spots  run  along  the 
lower  side  of  the  body,  and  a  similar  glandular  substance  some- 
times occupies  the  front  of  the  snout  and  the  back  of  the  tail 


Fig.  269. — Scopelus  boops. 

Cleft  of  the  mouth  very  wide.  Intermaxillary  very  long,  styli- 
form,  tapering ;  maxillary  well  developed.  Teeth  villiform.  Eye 
large.     Ventrals  eight-rayed,  inserted  immediately  in  front  of  or 
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below  the  anterior  dorsal  rays.  Dorsal  fin  nearly  in  the  middle 
of  the  length  of  the  body ;  adipose  fin  small ;  anal  generally 
long ;  caudal  forked.     Branchiostegals  from  eight  to  ten. 

The  fishes  of  this  genus  are  small,  of  truly  pelagic  habits, 

and  distributed  over  all  the   temperate   and  tropical  seas ; 

they  are  so  numerous  that  the  surface-net,  when  used  during 

a  night  of  moderate  weather,  scarcely  ever  fails  to  enclose 

some  specimens.     They  come  to  the  surface  at  night  only ; 

during  the  day  and  in  very  rough  weather  they  descend  to 

depths  where  they  are  safe  from  sunlight  or  the  agitation  of 

the. water.     Some  species  never  rise  to  the  surface;  indeed, 

Scopeli  have  been  brought  up  in  the  dredge  from  almost  any 

depth  to  2500  fathoms.     Thirty  species  are  known.     Gymno- 

scopelus  differs  from  Scopelus  in  lacking  scales. 

Ipnops. — Body  elongate,  sub-cylindrical,  covered  with  large, 
thin,  deciduous  scales,  and  without  phosphorescent  organs.  Head 
depressed,  with  broad,  long,  spatulate  snout,  the  whole  upper 
surface  of  which  is  occupied  by  a  most  peculiar  organ  of  vision 
(or  luminosity),  longitudinally  divided  in  two  symmetrical  halves. 
Bones  of  the  head  well  ossified.  Mouth  wide,  with  the  lower 
jaw  projecting;  maxillary  dilated  behind.  Both  jaws  with 
narrow  bands  of  villiform  teeth ;  palate  toothless.  Pectoral 
and  ventral  fins  well  developed,  and,  owing  to  the  shortness  of 
the  trunk,  close  together.  Dorsal  fin  at  a  short  distance  behind 
the  vent ;  adipose  fin  none ;  anal  fin  moderately  long ;  caudal 
subtruncated.     Pseudobranchise  none. 

This  singular  genus,  one  of  the  "  Challenger  "  discoveries, 
is  known  from  four  examples,  obtained  at  depths  varying 
between  1600  and  2150  fathoms,  off  the  coast  of  Brazil,  near 
Tristan  d'Acunha  and  north  of  Celebes.  All  belong  to  one 
species,  /.  muvrayi.  The  eye  seems  to  have  lost  its  function 
of  vision  and  assumed  that  of  producing  light.  The  speci- 
mens are  from  4  to  5J  inches  long. 

Paralepis. — Head  and  body  elongate,  compressed,  covered 
with  deciduous  scales.     Cleft  of  the  mouth  very  wide ;  maxillary 


developed,  cloaeljr  adherent  to  the  interm&zillary.  Teeth  in  ■ 
single  series,  uoequal  in  size.  Eye  large.  Ventrals  EimiU,  in- 
serted opposite  or  nearly  opposite  the  dorsal  Dorsal  fin  short, 
on  the  hinder  part  of  the  body ;  adipose  £n  small ;  anal 
elongate,  occupying  the  end  of  the  tail ;  caudal  emarginate. 

Three  species ;  small  pelagic  fishes  from  the  Mediter- 
ranean and  Atlantic. — Sudis,  from  the  Mediterranean,  has  a 
dentition  slightly  different  from  that  of  Paralepis. 

Plaotodus. — Body  elongate,  compressed,  scaleless  ;  snont 
much  produced,  with  very  wide  cleft  of  the  mouth.  Intermu- 
illary  very  long  and  slender;  maxillary  thin,  immovable 
Teeth  in  the  jaws  and  of  the  palate  very  unequal  in  size,  tbe 


Fig.  270.— PUgyod"  ^""^ 
m^ority  pointed  and  shaq),  some  very  large  and  lanceolate. 
Eye  large.  Pectoral  and  ventral  fins  well  developed ;  the 
rayed  dorsal  fin  occupies  the  whole  length  of  the  back  from  tbe 
occiput  to  opposite  the  anal  fin  ;  adipose  and  anal  fins  of 
moderate  size.     Caudal  forked.     Brancliiostegals  sir  or  seven. 

This  is  one  of  the  largest  and  moat  formidable  deep-sea 
fishes.  One  species  only  is  weU  known,  P.  ftrox,  from 
Madeira  and  the  sea  off  Tasmania ;  other  species  have  been 
noticed  from  Cuba  and  the  North  Pacific,  but  it  is  not  evi- 
dent in  what  respects  they  differ  specifically  from  P./«nw. 
This  fish  grows  to  a  length  of  six  feet,  and  from  the  stomach 
of  one  example  have  been  taken  several  Octopods,  Crusta- 
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ceans,  Ascidians,  a  young  Brama,  twelve  young  Boar-fishes, 
a  Horse-mackerel,  and  one  young  of  its  own  species.  The 
stomach  is  coecal;  the  commencement  of  the  intestine  has 
extremely  thick  walls,  its  inner  surface  being  cellular,  like 
the  lung  of  a  reptile ;  a  pyloric  appendage  is  absent.  All 
the  bones  are  extremely  thin,  light,  and  flexible,  containing 
very  little  earthy  matter ;  singular  is  the  development  of  a 
system  of  abdominal  ribs,  symmetrically  arranged  on  both 
sides,  and  extending  the  whole  length  of  the  abdomen. 
Perfect  specimens  are  rarely  obtained  on  account  of  the 
want  of  coherence  of  the  muscular  and  osseous  parts,  caused 
by  the  diminution  of  pressure  when  the  fish  reaches  the 
surface  of  the  water.  The  exact  depth  at  which  Plagyodus 
lives  is  not  known ;  probably  it  never  rises  above  a  depth  of 
300  fathoms. 

The  other  less  important  genera  belonging  to  this  family 
are  AiUoptis,  Chlorophthalmics,  Scopelosaurus,  Odontostomus, 
and  Nannobrachium. 

Third  Family — CvPRiNiDiE. 
Body  generally  covered  with  scales ;  head  naked.     Margin 


Fig.  271. — Pharyngeal  bones  and  teeth  of  the  Bream,  Abramis  brama. 

of  the  upper  jaw  formed  by  the  intermaxillaries.     Belly  rounded, 
OTy  if  trenchant,  unthaiU  ossifications.    No  adipose  fin.    Stomach 
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withmtt  blind  sac.  Pyloric  appencUiges  none.  Mouth  tooth- 
less;  lower  pharyngeal  bon£s  well  developed,  fcdctform,  svb- 
parallel  to  the  branchial  arches,  provided  taith  teeth,  which  are 
arranged  in  one,  two,  or  three  series.  Air-bladder  large,  divided 
into  an  anterior  and  posterior  portion  by  a  constriction,  or  into 
a  right  or  left  portion,  enclosed  in  an  osseous  capsule.  Ovarian 
sacs  closed. 

The  family  of  "  Carps  "  is  the  one  most  numerously  repre- 
sented in  the  fresh  waters  of  the  Old  World  and  of  North 
America.  Also  numerous  fossil  remains  are  found  in  tertiary 
freshwater-formations,  as  in  the  limestones  of  Oeningen  and 
Steinheim,  in  the  lignites  of  Bonn.  Stochen,  Bilin,  and  Menat, 
in  the  marl  slates  and  carbonaceous  shales  of  Lieata  in  Sicily, 
and  of  Padang  in  Sumatra,  in  corresponding  deposits  of  Idaho 
in  North  America.  The  majority  can  be  referred  to  existing 
genera  :  Barbus,  TliynnicJUhys,  Gobio,  Leuciscus,  Tinea,  Ambly- 
phai-yngodon,  Rhodcus,  Cobiiis,  Acanthopsis,  only  a  few  show- 
ing characters  different  from  those  of  living  genera  :  Cydurus, 
Hexapscj^hus,  Mylocyprinus  (tertiary  of  North  America). 

Most  Carps  feed  on  vegetable  and  animal  substances; 
a  few  only  are  exclusive  vegetable  feeders.  There  is  much 
less  diversity  of  form  and  habits  in  this  family  than  in  the 
Siluroids ;  however,  the  genera  are  sufficiently  numerous  to 
demand  a  further  subdivision  of  the  family  into  groups. 

I.  Catostomina. — PJmryngeal  teeth  in  a  single  series,  ex- 
ceedingly numerous  and  closely  set.  Dorsal  fin  elongate,  oppo- 
site to  the  ventrals  ;  anal  short,  or  of  moderate  length.  Barbels 
n^one. 

These  fishes  are  abundant  in  the  lakes  and  rivers  of  North 
America,  more  than  thirty  species  having  been  described,  and 
many  more  named,  by  American  ichthyologists.  Two  species 
are  known  from  North-Eastern  Asia.  They  are  generally 
called  "  Suckers,"  but  their  vernacular  nomenclature  is  very 


arbitrary  and  confused.  Some  of  the  species  which  inhabit 
the  large  riveTs  and  lakes  grow  to  a  length  of  three  feet  and 
a  weight  of  fifteen  pounds.  The  following  genera  may  be 
distinguished: — Oatostomus," Suckers,"  "Red-horses,"  "Stone- 
rollers,"  "White  Mullets;"  Moxosloma;  Sclerognatkus,  "Buf- 
faloes," "  Black  Horses ;"  and  Carpiodes,  "  Spear-fish,"  "  Sail- 
fish." 

II.  Cyprinina. — Anal  Jm  very  short,  with  not  more  than 
five  or  six,  exceptionally  seven,  branched  rays.  Dorsal  fin  oppo- 
site venirals.  Abdomen  -not  compressed.  Lateral  line  running 
along  the  median  line  of  Vie  tail.  Movih  frequerUly  vnth 
barbels,  never  more  than  /our  in  number.  Pharyngeal  teeth 
generally  in  a  triple  series  in  the  Old  World  gettera;  in  a 
dtmble  or  single  series  in  the  North  American  forms,  which  are 
small  andfeeblj/  devel<^)ed.  Air-bladder  present,  without  osseous 
ewering. 

Cyprinus. — Scales  large.  Dorsal  fin  long,  with  a  more  or 
less  strong  serrated  osseous  ray ;  anal  short.  Suout  rounded, 
obtuse,  mouth  anterior,  rather  narrow.  Pharyngeal  teeth, 
3.  1.  l.-l.  1.  3,  molar-like.     Barbels  four. 


Fig.  272.— The  Carp,  Cyprinus  carpi 


The  "Carp"  {C.  carpio,  "Karpfen,"  "La  carpe,")  is  originally 
a  native  of  the  East,  and  abounds  in  a  wild  state  in  China, 
where  it  has  been  domesticated  for  many  centuries ;  thence  it 
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was  transported  to  Germany  and  Sweden,  and  the  year  1614 
is  assigned  as  the  date  of  its  first  introduction  into  England. 
It  delights  in  tranquil  waters,  preferring  such  as  have  a 
muddy  bottom,  and  the  surface  partially  shaded  with  plants. 
Its  food  consists  of  the  larv8&  of  aquatic  insects,  minute 

testacea,  worms,  and  the  tender  blades  and  shoots  of  plants. - 

The  leaves  of  lettuce,  and  other  succulent  plants  of  a  similar 
kind,  are  said  to  be  particularly  agreeable  to  them,  and  to 
fatten  them  sooner  than  any  other  food.  Although  the  Carp 
eats  with  great  voracity  when  its  supply  of  aliment  is 
abundant,  it  can  subsist  for  an  astonishing  length  of  time 
without  nourishment.  In  the  winter,  when  the  Carps  as- 
semble in  great  numbers,  and  bury  themselves  among  the 
mud  and  the  roots  of  plants,  they  often  remain  for  man 
months  without  eating.     They  can  also  be  preserved  aliv 


for  a  considerable  length  of  time  out  of  the  water,  especially"-^^ 
if  care  be  taken  to  moisten  them  occasionally  as  they  become^^  e 
dry.  Advantage  is  often  taken  of  this  circumstance  to  trans —  -»- 
port  them  alive,  by  packing  them  among  damp  herbage  oi^^^r 
damp  linen  ;  and  the  operation  is  said  to  be  imattended  witkriT-h 
any  risk  to  the  animal,  especially  if  the  precaution  be  takennK'^B 
to  put  a  piece  of  bread  in  its  mouth  steeped  in  brandy ! 

Tlie  fecundity  of  these  fishes  is  very  great,  and  theix:  ir^ir 
numbers  consequently  would  soon  become  excessive  but  foK:^ci»or 
the  many  enemies  by  which  their  spawn  is  destroyed.  No  V^o 
fewer  than  700,000  eggs  have  been  found  in  the  ovaries  of  ^  ^ 
single  Carp,  and  that,  too,  by  no  means  an  individual  of  th^-^  J^^^ 
largest  size.  Their  growth  is  very  rapid,  more  so  perhaps  <^'P 
than  that  of  any  other  Freshwater  fish,  and  the  size  whicU^^=^^^ 
they  sometimes  attain  is  very  considerable.  In  certain  lakes^^3^:^« 
in  Germany  individuals  are  occasionally  taken  weighin^-^^^^ 
thirty  or  forty  pounds;  and  Pallas  relates  that  they  occun-^^^^ 
in  the  Volga  five  feet  in  length,  and  even  of  greater  weight  MzMMt 
than  the  examples  just  alluded  to.    The  largest  of  which  w^^^^<^ 


/ 
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have  any  account  is  that  mentioned  by  Bloch,  taken  near 
Frankfort-on-the-Oder,  which  weighed  seventy  pounds,  and 
measured  nearly  nine  feet  in  length, — a  statement  the  accu- 
racy of  which  is  very  much  open  to  doubt. 

like  other  domesticated  animals  the  Carp  is  subject  to 
variation ;  some  individuals,  especially  when  they  have  been 
bred  imder  unfavourable  circumstances,  have  a  lean  and  low 
body ;  others  are  shorter  and  higher.  Some  have  lost  every 
trace  of  scales,  and  are  called  "  Leather-carps ; "  others  retain 
them  along  the  lateral  line  and  on  the  back  only  ("  Spiegel- 
karpfen  "  of  the  Germans).  Finally,  in  some  are  the  fins 
much  prolonged,  as  in  certain  varieties  of  the  Gold-fish. 
Cross-breeds  between  the  Carp  and  the  Crucian  Carp  are  of 
common  occurrence.  The  Carp  is  much  more  esteemed  as 
food  in  inland  countries  than  in  countries  where  the  more 
delicate  kinds  of  sea  fishes  can  be  obtained. 

Carassius  differs  from  Cyprinus  in  lacking  barbels;  its 
pharyngeal  teeth  are  compressed,  in  a  single  series,  4-4. 

Two  well-known  species  belong  to  this  genus.  The 
"Crucian  Carp"  {C.  carassiuSy  "Karausche")  is  generally 
distributed  over  Central  and  Northern  Europe,  and  extends 
into  Italy  and  Siberia.  It  inhabits  stagnant  waters  only, 
and  is  so  tenacious  of  life  that  it  will  survive  a  lengthened 
sojourn  in  the  smallest  pools,  where,  however,  it  remains 
stunted ;  whilst  in  favourable  localities  it  attains  to  a  length 
of  twelve  inches.  It  is  much  subject  to  variation  of  form ; 
very  lean  examples  are  commonly  called  "  Prussian  Carps." 
Its  usefulness  consists  in  keeping  ponds  clean  from  a  super- 
abundance of  vegetable  growth,  and  in  serving  as  food  for 
other  more  esteemed  fishes.  The  second  species  is  the  "  Gold- 
fish," Carassius  auratvs.  It  is  of  very  common  occurrence  in 
a  wild  state  in  China  and  the  warmer  parts  of  Japan,  being 
entirely  similar  in  colour  to  the  Crucian  Carp.     In  a  domes- 


ticated  state  it  loses  the  black  or  brown  chromatophoTS,  and 
becomes  of  a  golden-yellow  colour ;  perfect  Albinos  are  ccffli- 
paratively  scarcer.  Many  varieties  and  monstrosities  have 
been  produced  during  the  long  period  of  its  domesticatioD ; 
the  variety  most  highly  priced  at  present  being  the  so-called 
"  Telescope-fish,"  of  which  a  figure  is  annexed.    The  Gold-fish 
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is  said  to  have  been  first  brought  to  England  in  the  year  1691, 
and  is  now  distributed  over  nearly  all  the  civilised  parte  of 
the  world, 

Catla. — Scales  of  moderate  size.  Dorsal  fin  without  osseous 
ray,  with  more  than  nine  branched  rays,  commencing  nearly 
opposite  to  the  ventrals.  Snout  broad,  with  the  integuments  very 
thin ;  there  is  no  upper  lip,  the  lower  with  a  free  continuons 
posterior  margin.  Symphysis  of  the  mandibul&ry  bones  loose, 
with  prominent  tubercles.  Mouth  anterior.  Barbels  none. 
Gill-rakers  very  long,  fine,  and  closely  set  Pharyngeal  t«etb, 
fi.  3.  2.-2.  3,  5. 

The  "  Catla "  {C.  buehanani),  one  of  the  largest  Carps  of 
the  Ganges,  growing  to  a  length  of  more  than  three  feet,  and 
esteemed  as  food. 
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Labeo. — Scales  of  moderate  or  small  size.  Dorsal  fin  with- 
out osseous  ray,  with  more  than  nine  branched  rays,  commenc- 
ing somewhat  in  advance  of  the  ventrals.  Snout  obtusely 
rounded,  the  skin  of  the  maxillary  region  being  more  or  less 
thickened,  forming  a  projection  beyond  the  mouth.  Mouth 
transverse,  inferior,  with  the  lips  thickened,  each  or  one  of 
them  being  provided  with  an  inner  transverse  fold,  which  is 
covered  with  a  deciduous  horny  substance  forming  a  sharp  edge, 
which,  however,  does  not  rest  upon  the  bone  as  base,  but  is  soft 
and  movable.  Barbels  very  small,  two  or  four ;  the  maxillary 
barbels  more  or  less  hidden  in  a  groove  behind  the  angle  of  the 
mouth.  Anal  scales  not  enlarged.  Pharyngeal  teeth  uncinate, 
6.  4.  2.-2.  4.  5.  Snout  generally  more  or  less  covered  with 
hollow  tubercles. 

About  thirteen  species  are  known  from  rivers  of  tropical 

Africa  and  the  East  Indies. 

DiscoGNATHUS. — Scales  of  moderate  size.  Dorsal  fin  with- 
out osseous  ray,  with  not  more  than  nine  branched  rays,  com- 
mencing somewhat  in  advance  of  the  ventrals.  Snout  obtusely 
rounded,  more  or  less  depressed,  projecting  beyond  the  mouth, 
more  or  less  tubercular.  Mouth  inferior,  transverse,  crescent- 
shaped  ;  lips  broad,  continuous,  with  an  inner  sharp  edge  of  the 
jaws,  covered  with  horny  substance  on  the  lower  jaw ;  upper  lip 
more  or  less  distinctly  fringed ;  lower  lip  modified  into  a  suc- 
torial disk,  with  free  anterior  and  posterior  margins.  Barbels 
two  or  four;  if  two,  the  upper  are  absent.  Anal  scales  not 
enlarged.  Pectoral  fins  horizontal  Pharyngeal  teeth,  5.  4.  2.- 
2.  4.  5. 

A  small  fish  {D.  lamta),  extremely  abundant  in  almost 

all   the   mountain    streams    from    Abyssinia    and   Syria  to 

Assam. 

Capoeta. — Scales  small,  of  moderate  or  large  size.  Dorsal 
fin  with  or  without  a  strong  osseous  ray,  with  not  more  than 
nine  branched  rays.  Snout  rounded,  with  the  mouth  transverse 
and  at  its  lower  side ;  each  mandible  angularly  bent  inwards 
in  front,  the  anterior  mandibular  edge  being  nearly  straight, 
sharpish,  and  covered  with  a  homy  brown  layer.     No  lower 

2q 
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labial  fold.  Barbels  two  (rarely  four),  or  entirely  absent.  Anal 
scales  not  conspicuously  enlarged.  Pharyngeal  teeth  compressed, 
truncated,  5  or  4.  3.  2.-2.  3.  4  or  5. 

Characteristic  of  the  fauna  of  Western  Asia ;  one  species 
from  Abyssinia.  Of  the  fifteen  species  known  C,  damascina 
deserves  to  be  specially  mentioned,  being  abundant  in  the 
Jordan  and  other  rivers  of  Syria  and  Asia  Minor. 

Barbus. — Scales  of  small,  moderate,  or  large  size.  Dorsal 
fin  generally  with  the  (third)  longest  simple  ray  ossified,  enlarged, 
and  frequently  serrated ;  never,  or  only  exceptionally,  with  more 
than  nine  branched  rays,  commencing  opposite  or  nearly  opposite 
to  the  root  of  the  ventral  fin.  Eyes  without  adipose  eyelid.  Anal 
fin  frequently  very  high.  Mouth  arched,  without  inner  folds, 
inferior  or  anterior;  lips  without  horny  covering.  Barbels 
short,  four,  two,  or  none.  Anal  scales  not  enlarged.  Pharyngeal 
teeth  5.  4  or  3.  3  or  2.-2  or  3.  3  or  4.  5.  Snout  but  rarely 
with  tubercles  or  pore-like  grooves. 

No  other  genus  of  Cjrprinoids  is  composed  of  so  many 
species  as  the  genus  of  "  Barbels,"  about  200  being  known 
from  the  tropical  and  temperate  parts  of  the  Old  World ;  it 
is  not  represented  in  the  New  World.  Although  the  species 
diflfer  much  from  each  other  in  the  form  of  the  body,  number 
of  barbels,  size  of  the  scales,  strength  of  the  first  dorsal  ray 
or  spine,  etc.,  the  transition  between  the  extreme  forms  is  so 
perfect  that  no  further  generic  subdivision  should  be  at- 
tempted. Some  attain  a  length  of  six  feet,  whilst  others 
never  exceed  a  length  of  two  inches.  The  most  noteworthy 
are  the  large  Barbels  of  the  Tigris  (A  subquincundatuSy  B, 
esocinus,  B,  scheich,  B.  shwiyeyi)\  the  common  Barbel  of 
Central  Europe  and  Great  Britain  {B,  vulgaris) ;  the  "  Bynni** 
of  the  Nile  {B.  hynni) ;  B.  canis  from  the  Jordan ;  the 
"  Mahaseer"  of  the  mountain  streams  of  India  {B,  mosal),  pro- 
bably the  largest  of  all  species,  the  scales  of  which  are  some- 
times as  large  as  the  palm  of  a  hand.    The  small,  large-scaled 
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species  are  especially  numerous  in  the  East  Indies  and  the 
fresh  waters  of  Tropical  Africa. 

Thynnichthys. — Scales  small  Dorsal  fin  without  an  os- 
seous ray,  with  not  more  than  nine  branched  rays,  commencing 
nearly  opposite  the  ventrals.  Head  large,  strongly  com- 
pressed ;  eye  without  well-developed  adipose  membrane,  in  the 
middle  of  the  depth  of  the  head.  Snout  with  the  integuments 
very  thin ;  there  is  no  upper  lip,  and  the  lower  jaw  has  a  thin 
labial  fold  on  the  sides  only.  Mouth  anterior  and  lateral ;  bar- 
bels none.  Gill-rakers  none ;  laminae  branchiales  long,  half  as 
long  as  the  postorbital  portion  of  the  head ;  pseudobranchisB 
none.  Pharyngeal  teeth  lamelliform,  with  flat  oblong  crown, 
5.  3  or  4.  2-2.  4  or  3.  5,  the  teeth  of  the  three  series  being 
wedged  into  one  another. 

Three  species  from  the  East  Indies. 

Oreinus. — Scales  very  small.  Dorsal  fin  with  a  strong 
osseous  serrated  ray,  opposite  to  the  ventrals.  Snout  rounded, 
with  the  mouth  transverse,  and  at  its  lower  side ;  mandibles 
broad,  short,  and  flat,  loosely  joined  together;  margin  of  the 
jaw  covered  with  a  thick  horny  layer ;  a  broad  fringe-like  lower 
lip,  with  free  posterior  margin.  Barbels  four.  Vent  and  anal 
fin  in  a  sheath,  covered  with  enlarged  tiled  scales.  Pharyngeal 
teeth  pointed,  more  or  less  hooked,  6.  3.  2—2.  3.  5. 

Three  species  from  mountain  streams  of  the  Himalayas. 

SCHIZOTHORAX. — Hill-barbels,  with  the  same  singular  sheath 
on  each  side  of  the  vent,  as  in  the  preceding  genus ;  but  they 
difier  in  having  the  mouth  normally  formed,  with  mandibles  of 
the  usual  length  and  width. 

Seventeen  species  are  known  from  fresh  waters  of  the 
Himalayas,  and  north  of  them.  Other  genera  from  the  same 
region,  and  with  the  anal  sheath,  are  Ptychobarhis,  Oymnocy- 
pris,  SchizopygopsiSy  and  Diptychtis, 

GoBio. — Scales  of  moderate  size ;  lateral  line  present.  Dor- 
sal fin  short,  without  spine.  Mouth  inferior;  mandible  not 
projecting  beyond  the  upper  jaw  when  the  mouth  is  open ;  both 
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jaws  with  simple  lips ;  a  small  but  very  distinct  barbel  at  the 
angle  of  the  mouth,  quite  at  the  extremity  of  the  maxillary. 
Gill-rakers  very  short ;  pseudobranchise.  Pharyngeal  teeth,  5. 3 
or  2.-2  or  3.  5,  hooked  at  the  end. 

The  "  Gudgeons  "  are  small  fishes  of  clear  fresh  waters  of 
Europe ;  they  are,  like  the  barbels,  animal  feeders.  In  Eastern 
Asia  they  are  represented  by  two  closely  allied  genera,  Ladis- 
lamob  and  Pseudogobio, 

Ceratichthys. — Scales  of  moderate  or  small  size  ;  lateral 
line  present.  Dorsal  fin  short,  without  spine,  not  or  but  slightly 
in  advance  of  the  ventrals.  Mouth  subinferior ;  the  lower  jaw 
does  not  project  beyond  the  upper  when  the  mouth  is  open ;  in- 
termaxillaries  protractile  from  below  the  maxillaries ;  both  jaws 
with  thickish  lips ;  a  small  barbel  at  the  angle  of  the  month, 
quite  at  the  extremity  of  the  maxillary.  Gill-rakers  very  short 
and  few  in  number :  pseudobranchiae.  Pharyngeal  teeth  4-4. 
hooked  at  the  end  (sometimes  4,  1-1.  4). 

About  ten  species  are  known  from  North  America ;  they 
are  small,  and  called  "  Chub  "  in  the  United  States.  C.  higvi- 
tatus  is,  perhaps,  the  most  widely-diffused  Freshwater-fish  in 
the  United  States,  and  common  everywhere.  Breeding  males 
have  generally  a  red  spot  on  each  side  of  the  head. 

Other  similar  genera  from  the  fresh  waters  of  North 
America,  and  generally  called  "Minnows,"  are  Pimephales 
(the  "  Black  Head"),  Hyhorhynch^is,  HrjhognathvSy  CamposUma 
(the  "Stone-lugger"),  Ericymha, Cochlognathus,  Exoglossum  (the 
" Stone  Toter"  or  "Cut-lips"),  and  Bhinichthys  (the  "Long- 
nosed  Dace"). 

The  remaining  Old  World  genera  belonging  to  the  group 
Cyprinina  are  Cirrhiruiy  Dangila,  Osteochilus,  BarynotuSy 
Tylognathus,  Abrostomus,  CrossochUtis,  JSpalzearhynchuSj 
Barbichthys,  Amblyrhynchichthys,  Albidichthys,  Aviopyge, 
Bungia,  and  Pseudarasbora. 

III.  EOHTEICHTHYINA. — Anol  fin  very  short,  with  not  more 
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than  six  branched  rays.  Dorsal  fin  behind  ventrals.  Abdomen 
compressed.  Lateral  line  running  along  the  median  line  of  the 
tail.  Mouth  vnthout  barbels.  Pharyngeal  teeth  in  a  triple 
series. 

One  genus  and  species  only,  Rohieichthys  microlcpis,  from 
Borneo  and  Sumatra. 

IV.  Leptobarbina. — Anal  fin  very  short,  with  not  more 
than  six  branched  rays.  Dorsal  fin  opposite  to  ventrals.  Ab- 
domen  not  compressed.  Lateral  line  running  in  tlie  lower  half 
of  the  tail.  Barbels  present,  not  more  than  four  in  number. 
Pharyngecd  teeth  in  a  triple  series. 

One  genus  and  species  only,  Leptobarbus  hoevenii,  from 
Borneo  and  Sumatra. 

V.  Rasborina. — Anal  fin  very  short,  with  not  more  than 
six  branched  rays.  Dorsal  fin  inserted  behind  tlie  origin  of  tlie 
ventrals.  Abdomen  not  comjyresscd.  Lateral  line  running  along 
the  lower  half  of  tlie  tail,  if  covijylete.  Mouth  sometimes  with 
barbels,  which  are  nevermore  tlianfour  in  number.  Pliaryngeal 
teeth  in  a  triple  or  single  scries.  Air-bladder  present,  iritlumt 
osseous  covering. 

Kasbora. — Scales  large,  or  of  moderate  size,  there  being 
generally  four  and  a  half  longitudinal  series  of  scales  between 
the  origin  of  the  dorsal  fin  and  the  lateral  line,  and  one  between 
the  lateral  line  and  the  ventral.  Lateral  line  curved  downwards. 
Dorsal  fin  with  seven  or  eight  branched  rays,  not  extending  to 
above  the  anal,  which  is  seven-rayed.  Mouth  of  moderate 
width,  extending  to  the  front  margin  of  the  orbit,  with  the  lower 
jaw  slightly  prominent,  and  provided  with  three  prominences  in 
front,  fitting  into  grooves  of  the  upper  jaw ;  barbels  none,  in  one 
species  two.  Gill-rakers  short,  lanceolate.  Pseudobranchiae, 
Pharyngeal  teeth  in  three  series,  uncinate. 

Thirteen  species  of  small  size  from  the  East  Indian  Con- 
tinent and  Archipelago,  and  from  rivers  on  the  east  coast  of 
Africa. 
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Amblypharyngodon. —  Scales  small;  lateral  line  incom- 
plete. Dorsal  fin  without  an  osseous  ray,  with  not  more  than 
nine  branched  rays,  commencing  a  little  behind  the  origin  of  the 
ventrals.  Head  of  moderate  size,  strongly  compressed ;  eye  with- 
out adipose  membrane ;  snout  with  the  integuments  very  thin ; 
there  is  no  upper  lip,  and  the  lower  jaw  has  a  short  labial  fold 
on  the  sides  only.  Mouth  anterior,  somewhat  directed  upwards, 
with  the  lower  jaw  prominent.  Barbels  none.  Gill-rakers  ex- 
tremely short;  pseudobranchiae.  Pharyngeal  teeth  molar-like, 
with  their  crowns  concave,  3.  2.  l.-l.  2.  3.  Intestinal  tract 
narrow,  with  numerous  convolutions. 

Three  species  of  small  size  from  the  Continent  of  India. 

To  the  same  group  belong  Ztcciosoma,  Nuria,  and  Aphyo- 

cypris,  from  the  same  geographical  region. 

VI.  Semiplotina. — Anal  fin  short,  wUh  seven  brandiecC 
rays,  not  extending  forwards  to  below  the  dorsal.  Dorsal  fin^ 
elongate,  with  an  osseous  ray.  Lateral  line  r^cnning  along  thr- 
middle  of  the  tail.     MoiUh  sometimes  wUh  barbels. 

Two  genera :  Cyprinion,  from  Syria  and  Persia,  and  Semi- 
plotus  from  Assam. 

VII.  Xenocypridina. — Anal  fin  rather  short,  loUh  seceru 
or  more  branched  rays,  not  extending  forwards  to  below  th^ 
dorsal  fin.  Dorsal  short,  with  an  osseous  ray.  Lateral  lin^ 
running  along  the  middle  of  the  tail.  Mouth  sometimes  witK 
barbels.     Pharyngeal  teeth  in  a  triple  or  double  series. 

Three  genera:  Xenx>cypi*is  and  Paracanthdbrama  from 
China ;  and  Mystacoleiiais  from  Sumatra. 

VIII.  Leuciscina. — Anal  fin  short  or  of  moderate  lengthy 
with  from  eight  to  eleven  branched  rays,  not  eoctending  foruxirds 
to  below  the  dorsal.  Dorsal  fin  short,  wUlunit  osseous  ray. 
Lateral  line,  if  complete,  running  along,  or  nearly  in,  tht  middle 
of  the  tail,  MotUh  generally  without  barbels.  Pharyngeal  teeth 
in  a  single  or  double  series. 

Leuciscxjs. — Body  covered  with  imbricate  scales.      Dorsal 
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fin  commencing  opposite,  rarely  behind,  the  ventrals.  Anal  fin 
generally  with  from  nine  to  eleven,  rarely  with  eight  (in  small 
species  only),  and  still  more  rarely  with  fourteen  rays.  Mouth 
without  structural  peculiarities  ;  lower  jaw  not  trenchant ;  bar- 
bels none.  Pseudobranchise.  Pharyngeal  teeth  conical  or  com- 
pressed, in  a  single  or  double  series.  Intestinal  tract  short,  with 
only  a  few  convolutions. 

The  numerous  species  of  this  genus  are  comprised  under 
the  name  of  "  White-fish ;"  they  are  equally  abundant  in  the 
northern  temperate  zone  of  both  hemispheres,  about  forty 
species  being  known  from  the  Old  World,  and  about  fifty 
from  the  New.  The  most  noteworthy  species  of  the  former 
Fauna  are  the  "  Eoach"  (Z.  riUilits,  see  Fig.  21,  p.  50),  com- 
mon all  over  Europe  north  of  the  Alps ;  the  "  Chub"  (Z. 
cephahis),  extending  into  Northern  Italy  and  Asia  Minor ;  the 
"Dace"  (Z.  letwiscus),  a  companion  of  the  Eoach  ;  the  "Id" 
or  "  Nerfling"  (Z.  id  us),  from  the  central  and  northern  parts 
of  Continental  Europe,  domesticated  in  some  localities  of 
Germany,  in  this  condition  assuming  the  golden  hue  of  semi- 
albinism,  like  a  Gold-fish,  and  then  called  the  "  Orfe ;"  the 
"  Rudd,"  or  "  Eed-eye  "  (Z.  erythrophtJialmics),  distributed  all 
over  Europe  and  Asia  Minor,  and  distinguished  by  its  scarlet 
lower  fins ;  the  "  Minnow"  (Z.  phoxinus),  abundant  every- 
where in  Europe,  and  growing  to  a  length  of  seven  inches  in 
favourable  localities.  The  North  American  species  are  much 
less  perfectly  known ;  the  smaller  ones  are  termed  "  Min- 
nows," the  larger  "  Shiner  "  or  "  Dace."  The  most  common 
are  Z.  cornvius  (Red-fin,  Red  Dace) ;  Z.  neogccus,  a  minnow 
resembling  the  European  species,  but  with  incomplete  lateral 
line  ;  Z.  hudsonius,  the  "  Spawn-eater  "  or  "  Smelt." 

TiNCA. — Scales  small,  deeply  embedded  in  the  thick  skin ; 
lateral  line  complete.  Dorsal  fin  short,  its  origin  being  opposite 
the  ventral  fin ;  anal  short ;  caudal  subtruncated.  Mouth  an- 
terior ;  jaws  with  the  lips  moderately  developed  ;  a  barbel  at  the 
angle  of  the  mouth.     Gill-rakers  short,  lanceolate ;  pseudobran- 


chise   mdimentary.      Pharyngeal  teeth   4   or  5,-^,  caneifoim, 
slightly  hooked  at  the  end. 


Fig.  27*.— The  Tenih  (Tiavt  tinai). 

Only  one  species  of  "Tench"  is  known  (7*.  tinea),  found 
all  over  Europe  in  st^nant  waters  with  soft  bottom.  The 
"Golden  Tench"  is  only  a  variety  of  colour,  an  incipient 
albinism  like  the  Gold-fish  and  Id.  Like  most  other  Carps 
of  this  group  it  passes  the  winter  in  a  state  of  torpidity, 
during  which  it  ceases  to  feed.  It  is  extremely  prolific. 
297,000  ova  having  been  counted  in  one  femal^;  its  spawn 
is  of  a  greenish  colour. 

Leucosomus. — Scales  of  moderate  or  small  size  ;  lateral  line 
present.  Dorsal  fin  commencing  opposite,  or  nearly  opposite,  to 
the  ventral  Anal  fin  short.  Mouth  anterior  or  sub-anterior ; 
intermaxillaries  protractile.  A  very  small  barbel  at  the  ex- 
tremity of  the  maxillary.  Lower  jaw  with  rounded  margin, 
and  with  the  labial  folds  well  developed  laterally.  Gill-rakers 
short ;  pseudohranchiie.     Pharyngeal  teeth  in  a  double  series. 

A  North  American  genus,  to  which  belong  some  of  the 
most  common  species  of  the  United  States.  L.  pukhdlut 
(the  "Fall-fish,"  "Dace,"  or  "Roach"),  one  of  the  largest 
White-fishes  of  the  Eastern  States,  attaining  to  a  length  of 
18  inches,  and  abundant  in  the  rapids  of  the  larger  rivers. 
£.  corpondis  {the  "  Chub  "),  common  everywhere  from  New 
England  to  the  Missouri  region. 

ChodrostoHA. — Scales  of  moderate  size  or  smalL    Lateral 
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line  terminating  in  the  median  line  of  the  depth  of  the  tail. 
Dorsal  fin  with  not  more  than  nine  branched  rays,  inserted  above 
the  root  of  the  ventrals.  Anal  fin  rather  elongate,  with  ten  or 
more  rays.  Mouth  inferior,  transverse,  lower  jaw  with  a  cutting 
edge,  covered  with  a  brown  homy  layer.  Barbels  none.  Gill- 
rakers  short,  fine;  pseudobranchise.  Pharjmgeal  teeth  5  or  6 
or  7.-7  or  6  or  6,  knife-shaped,  not  denticulated.  Peritoneum 
black. 

Seven  species  from  the  Continent  of  Europe  and  Western 

Asia. 

Other  Old  World  genera  belonging  to  the  Zeicciscina  are 

Myloleucus,  CtenopharyTujodon,  and  Paraphoxinus  ;  from  North 

America  :  Mylopliarodon^  Mcda,  Orihodoriy  and  Acrochilus, 

IX.  Rhodeixa. — Anal  fin  of  moderate  length,  ivithfrom- 
nine  to  twelve  branched  rays,  extendiny  fortvards  to  below  the 
dorsal.  Dorsal  fin  short,  or  of  moderate  length.  Lateral  line, 
if  complete,  running  along  or  nearly  in  the  middle  of  the  tail. 
Mouth  with  very  small,  or  witJiout  any  barbels.  Pharyngeal 
teeth  in  a  single  series. 

Very  small  roach-like  fishes  inhabiting  chiefly  Eastern 
Asia  and  Japan,  one  species  (Bh,  amarus)  advancing  into 
Central  Europe.  The  thirteen  species  known  have  been  dis- 
tributed among  four  genera,  AchUognathns,  Acanthorhodeus, 
Khodevs,  and  Pseicdoperilampiis,  In  the  females  a  long 
external  urogenital  tube  is  developed  annually  during  the 
spawning  season.  The  European  species  is  known  in  Ger- 
many by  the  name  of  "  Bitterling." 

X.  Danionixa, — Anal  fin  of  moderate  length  or  elongate, 
with  not  less,  and  generally  more,  than  eight  branched  rays. 
Lateral  line  running  along  the  lower  half  of  the  tail.  Mouth 
with  small,  or  unthout  any,  barbels.  Abdomen  not  trencliant. 
Pharyngeal  teeth  in  a  triple  or  double  series. 

Small  fishes  from  the  East  Indian  Continent,  Ceylon, 
the  East  Asiatic  Islands,  and  a  few  from  East  African  Eivers, 


The  genera  belonging  to  tliis  group  are  Danio,  Pteropsarvm, 
Aspidoparia,  Barilius,  Bola,  Scharca,  Opsanichthys,  Squalio- 
barbus,  and  Ochetdbiws:  altogether  about  forty  species. 

XT.  Hypophthalmichthyina. — Anal  fin  elongate.  Lateral 
line  running  nearly  along  the  median  line  of  the  fail.  Mouth 
■wUhout  barbels.  Abdomen  not  trenchant.  No  dorsal  spine. 
Pharyngeal  teeth  in  a  single  series. 

One  genus  {Hypophthalmichihys)  with  two  species  from 
Cliina. 

XII.  Abramidina, — Anal  fin  elongate.  Abdomen,  or  part 
of  the  aidomen,  compressed. 

Abrauis. — Body  much  compressed,  elevated,  or  oblong. 
Scales  of  moderate  size.  Lateral  line  present,  running  in  the 
lower  half  of  the  taU.  Dorsal  fin  short,  with  spine,  opposite  to 
the  space  between  vcntrals  and  anals.  Lower  jaw  generally 
shorter,  and  rarely  longer  than  the  upper.  Both  jaws  with 
simple  lips,  the  lower  labial  fold  being  interrupted  at  the  sym- 
physis of  the  mandible.  Upper  jaw  protractile.  Gill-raken 
rather  short ;  pseudobranchite.  The  attachment  of  the  branchial 
membrane  to  the  isthmus  takes  place  at  some  distance  behind 
the  vertical  from  the  orbit.      Pharyngeal  teeth  in  one  or  two 


F;g  275  — Tlie  Bream  (Abramis  biwntt) 
series,  with   a   notch   near   the  extremity      Belly  behind  the 
ventrab   compressed   into   an   edge    the  scales   not  extending 
across  it 

The     Breams    aie  represented  in  the  temperate  parts  of 
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both  northern  hemispheres ;  in  Europe  there  occur  the  "  Com- 
mon Bream,  A,  hrama  ;  the  "Zope,"  A,  ballerus  ;  A,  sapa;  the 
"  Zarthe,"  A,  vimba  ;  A,  elongatvs  ;  the  "  White  Bream,"  A, 
blicca  ;  A,  bipundatits.  Of  these  A,  hrama  and  A.  blicca  are 
British;  the  former  being  one  of  the  most  common  fishes, 
and  sometimes  attaining  to  a  length  of  two  feet.  Crosses 
between  these  two  species,  and  even  with  other  Cyprinoids, 
are  not  rare.  Of  the  American  species  A.  americanus 
("Shiner,"  "Bream")  is  common  and  widely  distributed; 
like  the  European  Bream  it  lives  chiefly  in  stagnant  waters 
or  streams  with  a  slow  current 

ASPIUS. — Body  oblong ;  scales  of  moderate  size  ;  lateral  line 
complete,  terminating  nearly  in  the  middle  of  the  depth  of  the  tail. 
Dorsal  fin  short,  without  spine,  opposite  to  the  space  between 
the  ventrals  and  anal ;  anal  fin  elongate,  with  thirteen  or  more 
rays.  Lower  jaw  more  or  less  conspicuously  projecting  beyond 
the  upper.  Lips  thin,  simple,  the  lower  labial  fold  being  at  the 
symphysis ;  upper  jaw  but  little  protractile.  Gill-rakers  short 
and  widely  set;  pseudobranchiae.  The  attachment  of  the  branchial 
membrane  to  the  isthmus  takes  place  below  the  hind  margin  of 
the  orbit.  Pharyngeal  teeth  hooked,  5.  3.-3  or  2.  5  or  4  Belly 
behind  the  ventrals  compressed,  the  scales  covering  the  edge. 

Four  species  from  Eastern  Europe  to  China. 

Alburnus. — Body  more  or  less  elongate  ;  scales  of  moderate 
size  ;  lateral  line  present,  running  below  the  median  line  of  the 
tail  Dorsal  fin  short,  without  spine,  opposite  to  the  space 
between  ventrals  and  anal ;  anal  fin  elongate,  with  more  than 
thirteen  rays.  Lower  jaw  more  or  less  conspicuously  projecting 
beyond  the  upper.  Lips  thin,  simple,  the  lower  labial  fold  being 
interrupted  at  the  symphysis  of  the  mandible.  Upper  jaw  pro- 
tractile. Gill-rakers  slender,  lanceolate,  closely  set  ;  pseudo- 
branchiae.  The  attachment  of  the  branchial  membrane  to  the 
isthmus  takes  place  below  the  hind  margin  of  the  orbit.  Pharyn- 
geal teeth  in  two  series,  hooked.  Belly  behind  the  ventrals 
compressed  into  an  edge,  the  scales  not  extending  across  it 
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"  Bleak "  are  numerous  in  Europe  and  Western  Asia, 
fifteen  species  being  known.  The  common  Bleak  {A.  albur- 
nus)  is  found  north  of  the  Alps  only,  and  represented  by 
another  species  {A,  albumellvs,  "  Alborella,"  or  "  Avola  ")  in 
Italy. 

Of  the  other  genera  referred  to  this  group,  Leucaspius 
and  Pclecus  belong  to  the  European  Fauna ;  Pdotrophm  is 
East  African  ;  all  the  others  occur  in  the  East  Indies  or  the 
temperate  parts  of  Asia,  \dz.  Rasborichthys,  Elopichtkys, 
Acanthobrama  (Western  Asia),  Odedbrama,  Chanodichihys, 
Hemicvlter,  Smiliogastcrj  Toxabramis,  Cnlter,  Eustira,  Chda, 
Pseudolabtica,  and  Cachivs, 

XIII.  HoMALOPTERlNA. — DoTsal  and  anal  Jins  short,  the 
former  op2)osite  to  ventrals.  Pectoral  and  ventral  /ins  hori- 
zoTiial,  the  former  with  the  outer  rays  simple.  Barbels  six  or 
none.  Air-bladder  absent.  Pharyngeal  teeth  in  a  single  serUs, 
from  ten  to  sixteen  in  number. 

Inhabitants  of  hill-streams  in  the  East  Indies ;  they  are 
of  small  size  and  abundant  where  they  occur.  Thirteen 
species  are  known  belonging  to  the  genera  ITomaloptera, 
Gastroinyzon,  Crossostoma,  and  Psilorhynchits, 

XIV.  COBITIDINA. — Mouth  surrounded  by  six  or  more 
barbels.  Dorsal  fin  short  or  of  moderati^  length;  anal  fit 
slwrt.  Scales  small,  rudimentary,  or  entirely  absent.  Pharyn- 
geal teeth  in  a  single  series,  in  moderate  number.  Air-bladdefr 
partly  or  entirely  enclosed  in  a  bony  capside.  Pseiuiobranchut 
none :  Loaches. 

MiSGURNUS. — Body  elongate,  compressed.  No  sub-orbital 
spine.  Ten  or  twelve  barbels,  four  belonging  to  the  mandible. 
Dorsal  fin  opposite  to  the  ventrals  ;  caudal  rounded. 

Four  species  from  Europe  and  Asia.     M.  fossilis  is  the 

largest   of  European  Loaches,   growing  to   a  length  of  ten 

inches ;  it  occurs  in  stagnant  waters  of  eastern  and  southern 
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Germany  and  northern  Asia.     In  China  and  Japan  it  is  re- 
placed by  an  equally  large  species,  M.  anguUlicaudatus, 

Nemachilus. — No  erectile  sub-orbital  spine.  Six  barbels, 
none  at  the  mandible.     Dorsal  fin  opposite  to  the  ventrals. 

The  greater  number  of  Loaches  belong  to  this  genus ; 
about  fifty  species  are  known  from  Europe  and  temperate 
Asia  ;  such  species  as  extend  into  tropical  parts  inhabit 
streams  of  high  altitudes.  Loaches  are  partial  to  fast-running 
streams  with  stony  bottom,  and  exclusively  animal  feeders. 
In  spite  of  their  small  size  they  are  esteemed  as  food  where 
they  occur  in  sufficient  abundance.  The  British  species,  N, 
harhcUuluSy  is  found  all  over  Europe  except  Denmark  and 
Scandinavia. 

CoBms. — Body  more  or  less  compressed,  elongate  ;  back  not 
arched.  A  small,  erectile,  bifid  sub-orbital  spine  below  the  eye. 
Six  barbels  only  on  the  upper  jaw.  Dorsal  fin  inserted  opposite 
to  ventrals.     Caudal  rounded  or  truncate. 

Only  three  species  are  known,  of  which  C.  taenia  occurs 

in  Europe.     It  is  scarce  and  very  local  in  Great  Britain. 

BoTlA. — Body  compressed,  oblong  ;  back  more  or  less  arched. 
Eyes  with  a  free  circular  eyelid  ;  an  erectile  bifid  sub-orbital 
spine.  Six  barbels  on  the  upper  jaw,  sometimes  two  others  at 
the  mandibulary  symphysis.  Dorsal  fin  commencing  in  advance 
of  the  root  of  the  ventrals ;  caudal  fin  forked.  Air-bladder  con- 
sisting of  two  divisions  :  the  anterior  enclosed  in  a  partly  osseous 
capsule,  the  posterior  free,  floating  in  the  abdominal  cavity. 

This  genus  is  more  tropical 

than  any  of  the  preceding,  and 

the    majority   of   the   species 

(eight  in  number)   are  finely 

coloured.     The  more  elevated 

form    of    their    body,   and   the       Fig.  276.— Botia  rostrata.     From 

imperfect   ossification    of  the  Bengal 

capsules  of  the  air-bladder,  the  divisions  of  which  are  not  side 
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by  side,  but  placed  in  the  longitudinal  axis  of  the  body,  indi- 
cate likewise  that  this  genus  is  more  adapted  for  still  waters 
of  the  plains  than  for  the  currents  of  hill-streams. 

Other  genera  from  tropical  India  are  LepidocephalicMhys, 
AcanthopsiSy  Oremiectes  (hills  near  Hong-Kong),  Paramisgur- 
nus  (Yan-tse-Kiang),  Lepidocephcdus,  AcanlhopJUhalmvs,  and 
Apua. 

Fourth  Famh^y — KNERiiDiE.    ' 

Body  scaly,  head  naked.  Margin  of  the  upper  Jaw  formed 
by  the  intermaxillaries.  Dorsal  and  anal  fins  short,  the  former 
belonging  to  the  abdominal  portion  of  the  vertebral  column. 
Teeth  none,  either  in  the  mouth  or  pharynx.  Barbels  none. 
Stomach  siphonal ;  no  pyloric  appendages.  Fseudobranchice 
none.  '  Branchiostegals  three;  air-hladdei*  long,  not  divided. 
Ovaries  closed. 

Small  loach-like  fishes  from  fresh  waters  of  tropical 
Africa ;  two  species  only,  Kneria  angolensis  and  JT.  spekii,  are 
known. 

Fifth  Family — Characinid^. 

Body  covered  with  scales,  head  nnked  ;  barbels  none.  Mar- 
gin of  the  upper  jaw  formed  by  the  intermaxillaries  in  the 
middle  and  by  the  maxUlaries  laterally.  Generally  a  small 
adipose  fin  behind  the  dorsal.  Pyloric  appendages  more  or 
less  numerous  ;  air  -  bladder  transversely  divided  into  two 
portions,  and  communicating  with  the  organ  of  hearing  by 
means  of  the  auditory  ossicles.    Pseudobranchim  none. 

The  fishes  of  this  family  are  confined  to  the  fresh  waters 
of  Africa,  and  especially  of  tropical  America,  where  they 
replace  the  Cyprinoids,  with  which  family,  however,  they 
have  but  little  in  common  as  far  as  their  structural  charac- 
teristics are  concerned.     Their  co-existence  in  Africa  with 
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Cyprinoids  proves  only  that  that  contineiit  is  nearer  to  the 
original  centre,  from  which  the  distribution  of  Cyprinoids 
commenced  than  tropical  America.  The  family  includes 
herbivorous  as  well  as  strictly  carnivorous  forms ;  some  are 
toothless,  whilst  others  possess  a  most  formidable  dentition. 
The  family  contains  so  many  diversified  forms  as  to  render 
a  subdivision  into  groups  necessary.  They  have  not  yet 
been  obtained  in  fossiliferous  strata. 

I.  Erythrinina. — Adipose  Jin  absent. 

The  sixteen  species  of  this  group  belong  to  the  fauna  of 
tropical  America,  and  are  referred  to  the  genera  Macrodon, 
Erythrinus,  Lebiasina,  Nannostomiis,  Fyrrhulina,  and  Cory- 
nopoma. 

II.  CURIMATINA. — A  short  dorsal  and  an  adipose  Jin; 
dentition  imperfect.     Tropical  America, 

CURIMATUS. — Dorsal  fin  placed  nearly  in  the  middle  of  the 
body ;  anal  rather  short  or  of  moderate  length ;  ventrals  below 
the  dorsal.  Body  oblong  or  elevated,  with  the  belly  rounded  or 
flattened  before  the  ventrals.  Cleft  of  the  mouth  transverse, 
lips  none,  margins  of  the  jaws  trenchant.  No  teeth  whatever. 
Intestinal  tract  very  long  and  narrow. 

About  twenty  species  are  known,  of  rather  small  siza 
The  other  genera  of  this  group  have  teeth,  but  they  are 
either  rudimentary  or  absent  in  some  part  of  the  jaws  :  Fro- 
ckilodus,  Ccenotrop^LS,  Hemiodus,  Saccodon,  Parodon, 

III.  CiTHARlNiNA. — A  rather  long  dorsal  and  an  adipose 
Jin ;  minute  labial  teeth.     Tropical  Africa, 

One  genus  only,  Citharinus,  with  two  species,  is  known. 
Common  in  the  Nile,  attaining  to  a  length  of  three  feet. 

IV.  Anastomatina. — A  short  dorsal  and  an  adipose  Jin; 
teeth  in  both  jaws  well  developed  ;  the  gill-membranes  grown  to 
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the  isthmus;  nasal  openings  remote  from  each  other.     Tropuxd 
America. 

Leporinus. — Dorsal  fin  placed  nearly  in  the  middle  of  the 
length  of  the  body;  anal  short;  ventrals  below  the  dorsal 
Body  oblong,  covered  with  scales  of  moderate  size ;  belly  rounded. 
Cleft  of  the  mouth  small,  with  the  lips  well  developed ;  teeth 
in  the  intermaxillary  and  mandible,  few  in  number,  flattened, 
with  the  apex  more  or  less  truncated,  and  not  serrated ;  the 
middle  pair  of  teeth  is  the  longest  in  both  jaws  ;  palate  toothless. 

This  genus  is  generally  distributed  in  the  rivers  east  of 

the  Andes ;  about  twenty  species  are  known,  some  of  which, 

like  Z.  fredericiy  L,  megalepi%  are  very  common.     They  are 

well  marked  by  black  bands  or  spots,  and  rarely  grow  to  a 

length  of  two  feet,  being  generally  much  smaller. — The  other 

genera  belonging  to  this  group  are  Anastoyntis  and  Hhytiodus, 

V.  Nannocharacina. — A  short  dorsal  and  an  adipose  Jin; 
teeth  in  loth  jaws  well  developed  ;  notched  incisors.  The  gill- 
membranes  are  grown  to  the  isthmus.     Nostrils  dose  together. 

One  genus,  Nannocharax,  with  two  species  only,  from  the 
Nile  and  Gaboon ;  very  small. 

VI.  Tetragonopterina. — A  short  dorsal  and  an  adipose 
Jin  ;  tlie  teeth  in  both  jaws  well  d€vel<^)ed,  cornpressed,  notchtd, 
or  denticulated  ;  the  gill-membran£s  free  from  the  isthmus,  and 
tJie  nxtsal  openings  close  together.  South  America  and  Tropitci 
Africa. 

Alestes. — The  dorsal  fin  is  placed  in  the  middle  of  the  length 
of  the  body,  above  or  behind  the  ventrals ;  anal  fin  rather  long. 
Body  oblong,  covered  with  scales  of  moderate  or  large  size; 
belly  rounded.  Cleft  of  the  mouth  rather  small.  Maxillary 
teeth  none ;  intermaxillary  teeth  in  two  series ;  those  of  the 
front  series  more  or  less  compressed,  more  or  less  distinctly 
tricuspid ;  the  teeth  of  the  hinder  series  are  broad,  molar-like, 
each  armed  with  several  pointed  tubercles.  Teeth  in  the  lower 
jaw  in  two  series ;  those  in  the  front  series  laterally  compressed, 
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broader  behind  than   in  front;   the  hinder  series  is  composed 
of  two  conical  teeth.     All  the  teeth  are  strong,  few  in  number. 

Fourteen  species  from  Tropical  Africa;  several  inhabit 
the  Nile,  of  wliich  the  "  Eaches  "  {A.  derUex  and  A.  kotschyi) 
are  the  most  common. 

Tetragonopterus. — The  dorsal  fin  is  placed  in  the  middle  of 
the  length  of  the  body,  above  or  immediately  behind  the  ventrals ; 
anal  fin  long.  Body  oblong  or  elevated,  covered  with  scales  of 
moderate  size ;  belly  rounded.  Cleft  of  the  mouth  of  moderate 
width.  Anterior  teeth  strong,  lateral  teeth  small  Intermaxil- 
lary and  mandibulary  teeth  sub-equal  in  size,  with  a  compressed 
and  notched  crown,  the  former  in  a  double,  the  latter  in  a  single 
series ;  maxillary  with  a  few  teeth  near  its  articulation,  rarely 
with  the  entire  edge  denticulated. 

Of  all  the  genera  of  this  family  Tetra/fonopterus  is  repre- 
sented by  the  greatest  number  of  species ;  about  fifty  are 
known.  Some  of  them  seem  to  have  a  very  wide  range, 
whilst  others  are  merely  local.  AU  are  of  small  size,  rarely 
exceeding  a  length  of  eight  inches. 

Chirodon. — Dorsal  fin  placed  in  the  middle  of  the  length  of 
the  body,  behind  the  ventrals  ;  anal  long  or  of  moderate  length. 
Body  oblong,  covered  with  scales  of  moderate  size ;  lateral  line 
not  continued  to  the  tail.  Belly  rounded  before  the  ventrals. 
Cleft  of  the  mouth  narrow,  maxillary  short  A  single  series  of 
small  serrated  teeth  in  the  intermaxillary  and  mandibulary ; 
maxillary  teeth  nona 


Fig.  277. — ChircKlon  alburnus. 

Three  species  of  small  size  from  various  parts  of  South 
America;  the  species  figured  is  represented  of  the  natural 
size,  and  comes  from  the  Upper  Amazons. 

2r 
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MeoalobRycon. — DorB&l  fin  placed  in  middle  of  the  lengtli 
of  the  body,  immediately  beUnd 
the  ventrals.  Ansl  long.  Ab- 
domen rounded  in  front  of,  and 
Homewhat  compressed  behind, 
the  ventrals.  Cleft  of  the  montlt 
of  moderate  widtL  Teetii 
notched,  in  a  triple  Beries  in 
the  intermaxillary,  and  in  t 
single  in  the  maxillary  and  man- 
dible ;  no  other  t«eth  behind 
the  mandibulary  teeth  or  on  tbe 

„„_„„,,  .  palate.    Scales  of  moderate  si«, 

Fig.  278— MegJobrycon  cephalua.  .„    ^.      ,  ^.         ,  ■       j 

With  the  fi«e  portion  striated. 

One  species  from  the  Upper  Amazons  (M.  cephalus).  Speoi- 
meiis  more  than  one  foot  long  have  been  obtained. 

Gastropelecds. — Dorsal  fin  placed  behind  the  middle  of  the 
length  of  the  body,  above  the  anal ;  anal  long  ;  pectoral  long; 
ventrals  very  small  or  rudimentary.  Body  strongly  compressed, 
with  the  thoracic  region  dUated  into  a  sub-semicircular  disk. 
Scales  of  moderat«  size.  Lateral  line  descending  obliquely 
backwards  towards  the  origin  of  the  anal  fin.  Tbe  lower  profile 
compressed  into  an  acute  ridg&  Cleft  of  the  mouth  of  modente 
width  ;  teeth  compressed,  tricuspid,  in  one  or  two  series  in  the 
intermaxillary,  and  in  a  single  in  the  mandible  ;  maxillary  with 
a  few  minute  conical  teeth  ;  palate  toothless. 

Three  specimens  of  this  singular  form  are  known  ftom 
Brazil  and  the  Guyanas ;  tliey  are  of  very  small  size. 

The  majority  of  the  other  genera  belonging  to  this  group 
are  South  American,  viz,  Piabudna,  ^irissor,  Pstudochakaa, 
Aphyocharax,  Chalceus,  Brycon,  Ckalcinopsis,  Bryconoja,  Cna- 
grutus,  Chalcinus,  Piahuca,  Paragoniaies,  and  Agoniaies;  two 
only  are  African,  viz,  Nannathiops,  which  represents  the  South 
American  TeiragoTwpterus,  and  Bryamcethiops,  which  is  allied 
to  Brycon, 

Til.  Htdroctoniha,— .4  short  dorsal  and  an  adipose  Jin; 
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teeth  in  both  jaws  well  developed  arid  conical ;  gill  membranes 
free  from  the  isthmus;  rutsal  openings  dose  together,  Sovih 
America  and  Tropical  Africa.    Fishes  of  prey, 

Hydrocyon. — The  dorsal  fin  is  in  the  middle  of  the  length 
of  the  body,  above  the  ventrals  ;  anal  of  moderate  length.  Body 
oblong,  compressed,  covered  with  scales  of  moderate  size ;  belly 
rounded.  Cleft  of  the  mouth  wide,  without  lips;  the  inter- 
maxillaries  and  mandibles  are  armed  with  strong  pointed  teeth, 
widely  set  and  few  in  number ;  they  are  received  in  notches  of 
the  opposite  jaw,  and  visible  externally  when  the  mouth  is 
closed.  Palate  toothless.  Cheeks  covered  with  the  enlarged 
suborbital  bones.  Orbit  with  an  anterior  and  posterior  adipose 
eyelid.     Intestinal  tract  short. 

Four  species  from  Tropical  Africa ;  two  occur  in  the  Nile, 

H,  forshdii  being  abundant,  and  well  known  by  the  names 

"Kelb  el  bahr"  and  "Kelb  el  moyeL"     Their  formidable 

dentition  renders  them  most  destructive  to  other  fishes ;  they 

grow  to  a  length  of  four  feet. 

Cynodon. — Dorsal  fin  placed  behind,  or  nearly  in,  the  middle 
of  the  length  of  the  body,  behind  the  ventrals ;  anal  long. 
Head  and  body  compressed,  oblong,  the  latter  covered  with  very 
small  scales ;  belly  compressed,  keeled.  Teeth  in  the  inter- 
maxillary, maxillary,  and  mandible  in  a  single  series,  conical, 
widely  set,  of  unequal  size ;  a  pair  of  very  large  canine  teeth 
anteriorly  in  the  lower  jaw,  received  in  two  grooves  on  the 
palate  ;  palate  with  patches  of  minute  granulated  teetL  The 
outer  branchial  arch  without  gill-rakers,  but  with  very  short 
tubercles. 

Four  species  from  Brazil  and  the  Guy  anas;  they  are  as 
formidable  fishes  of  prey  as  the  preceding,  and  grow  to  the 
same  size. 

With  the  exception  of  Sarcodaces,  all  the  remaining  genera 
of  this  group  belong  to  the  fauna  of  Tropical  America,  viz. 
AruLcyrtus,  Hystricodon,  Salminus,  Oligosarcus,  JCipJiorhamphus, 
and  Xiphostomu, 
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VIII.  DiSTiCHODONTlNA. — DoTsol  fin  rather  elongate  ;  adi- 
pose fin  present,  GUI-membranes  attached  to  the  isthmus; 
belly  rounded.     Tropical  Africa, 

The  species,  ten  in  number,  belong  tx)  one  genus  only 
(Bistichodus),  well  known  on  the  Nile  under  the  name  of 
"  NefascL"  They  grow  to  a  considerable  size,  being  some- 
times four  feet  long  and  one  and  a  half  foot  deep.  They  are 
used  as  food. 

IX.  ICHTHYBORINA.  —  An  adipose  fin  ;  number  of  dorsal 
rays  increased  (12-17) ;  gill-membranes  free  from  the  isthmus. 
Belly  rounded  ;  canine  teeth.     Tropical  Africa, 

Two  genera  only :  Ichthyborus  from  the  Nile,  and  Phago 
from  West  Africa.     Small  fishes  of  very  rare  occurrence. 

X.  Crenuchina. — Dorsal  fin  rather  elongate ;  an  adipose 
fin,  GUI-membranes  free  from  the  isthmus,  toith  the  belly 
rounded,  and  without  canine  teeth. 

This  small  group  is  represented  in  the  Essequibo  by  a 
single  species,  Crenuchus  spiluruSy  and  by  another  in  West 
Africa,  JCcnocharax  spilurus, 

XI.  Serrasalmonina. — Dorsal  fin  rather  elongaie;  an 
adipose  fin,  Gill-membran£s  free  from  the  isthmus;  beUy 
serrated.     Tropical  America. 

Although  the  fishes  of  this  family  do  not  attain  any  con- 
siderable size,  the  largest  scarcely  exceeding  two  feet  in 
length,  their  voracity,  fearlessness,  and  number  renders  them 
a  perfect  pest  in  many  rivers  of  tropical  America.  In  all,  the 
teeth  are  strong,  short,  sharp,  sometimes  lobed  incisors,  ar- 
ranged in  one  or  more  series ;  by  means  of  them  they  cut  off 
a  mouthful  of  flesh  as  with  a  pair  of  scissors ;  and  any  animal 
falling  into  the  water  where  these  fishes  abound  is  immedi- 
ately attacked  and  cut  in  pieces  in  an  incredibly  short  time. 
They  assail  persons  entering  the  water,  inflicting  dangerous 
wounds  before  the  victims  are  able  to  make  their  escape. 


CYPRINODONTIDiE.  613 

a  some  localities  it  ia  scarcely  possible  to  catch  fishes  with 
le  hook  and  line,  as  the  fish  hooked  is  immediately  attacked 
y  the  "Caribe"  (as  these  fishes  are  caUed),  and  torn  to 
ieces  before  it  can  be  withdrawn  from  the  water.  The 
■aribes  themselves  are  rarely  hooked,  as  they  snap  the  hook 
r  cut  the  line.  The  smell  of  blood  is  said  to  attract  at  once 
lOusands  of  these  fishes  to  a  spot.  They  are  most  abimdant 
I  the  Brazils  and  Guyanas ;  some  forty  species  are  known, 
ad  referred  to  the  genera  Mylesinus,  Serrasalmo,  Myletes,  and 


f^  27ft. — Senaulmo  scspularis,  from  the  Enequibo, 

Sixth  Family — CYPRiN0D0NnD,B. 

Head  and  body  covered  with  scales  ;  harbels  none.  Margin 
flke  upper  jaw  formed  hy  tJu  iTUermaxillarits  only.  Teeth  in 
9th  jaws;  upper  arid  Imoer  pharyngeals  with  caTdiform  teeth. 
Idipose  fin  none ;  dorsal  fin  situated  on  the  hinder  half  of  the 
9dy.  Stomach  without  blind  sac;  pyloric  appendages  none, 
^udobranchia:  none;  air-bladder  simple,  vnthovi  oBsicuia 
uditus. 

Small  fishes,  inhabiting  fresh,  brackish,  and  salt  water  of 
tonthem  Europe,  Africa,  Asia,  and  America.    The  majority 
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are  viviparous;  and  to  facilitate  copulation  the  anal  fin  of 
the  adult  male  of  many  species  is  modified  into  a  copulatoiy 
organ,  which  is  probably  (partially  at  least)  introduced  into 
the  vulva  of  the  female ;  but  it  is  uncertain  whether  it  serves 
to  conduct  the  semen,  or  merely  to  give  the  male  a  finner 
hold  of  the  female  during  the  act.  Also  secondary  sexual 
differences  are  developed  in  the  Cyprinodonts ;  the  males  are 
always  the  smaller,  sometimes  several  times  smaller  than  the 
females,  quite  diminutive ;  and  they  are  perhaps  the  smallest 
fishes  in  existence.  The  fins  generally  are  more  developed 
in  the  males,  and  the  coloration  is  frequently  different  also. 
Some  species  are  carnivorous;  others  live  on  the  organic 
substances  mixed  with  mud.  Fossil  remains  have  been  found 
in  tertiary  strata,  all  apparently  referable  to  the  existing 
genus  Cyprinodon ;  they  occur  near  Aix  in  Provence,  in  the 
marl  of  Gesso,  St.  Angelo,  in  the  Brown  coal  near  Bonn, 
near  Frankfort,  and  in  the  freshwater-chalk  of  Oeningen 
In  the  latter  locality  a  FoecUia  occurs  likewise. 
The  genera  can  be  divided  into  two  groups : 

I.  CYPRiNODONTiDiE  CarnivoRuE. — The  boTus  of  each  ramus 
of  the  mandible  are  firmly  united ;  intestinal  tract  short,  or 
hut  little  convoluted.     Carnivorous  or  insectivorous, 

Cyprinodon. — Cleft  of  the  mouth  small,  developed  laterally 
and  horizontally.  Snout  short.  Teeth  of  moderate  size,  incisor- 
like, notched,  in  a  single  series.  Scales  rather  large.  Origin  of 
the  anal  fin  behind  that  of  the  dorsal  in  both  sexes,  both  fins 
being  larger  in  the  male  than  in  the  female.  Anal  not  modified 
into  a  sexual  organ. 

Seven  species  occur  in  the  Mediterranean  region,  all  of 

which  seem  able  to  live  in  briny  springs  or  pools,  the  water 

of  which  contains  a  much  greater  percentage  of  salts  than 

sea- water,  as  the  brine-springs  near  the  Dead  Sea  or  in  the 

Sahara.     They  are  as  little  affected  by  the  high  temperature 

of  some  of  these  springs  (91**),  for  instance  of  that  at  Sidi 
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Ohkbar  in  the  Sahara.  Like  other  fishes  living  in  limited 
localities  or  concealing  themselves  in  mud,  Cyprinodonts 
lose  sometimes  their  ventral  fins ;  such  specimens  have 
been  described  as  Tellia,  The  species  of  the  New  World 
are  less  known  than  those  of  the  Old,  but  not  less  numerous. 
Allied  to  Cyprinodon  are  Fitzroyia  from  Monte  Video, 
and  Characodon  from  Central  America. 

Haplochilus. — Snout  flat,  both  jaws  being  much  depressed, 
and  armed  with  a  narrow  band  of  villiform  teeth.  Body  oblong, 
depressed  anteriorly,  compressed  posteriorly.  Dorsal  fin  short, 
commencing  behind  the  origin  of  the  anal,  which  is  more  or  less 
elongate. 

Twenty  species  from  the  East  Indies,  tropical  Africa,  and 

temperate  and  tropical  America. 

FuNDTJLUS. — Cleft  of  the  mouth  of  moderate  width,  developed 
laterally  and  horizontally.  Snout  of  moderate  length.  Teeth 
in  a  narrow  band,  those  of  the  outer  series  being  largest,  conical. 
Scales  of  moderate  size.  Dorsal  fin  commencing  before  or 
opposite  the  origin  of  the  anal.     Sexes  not  differentiated. 

"  Killifish,"  abundant  in  the  New  World,  where  about 

twenty   species   have  been   found ;   F,  heteroclituSy  majalis, 

diaphanuSy  being  common  on  the  Atlantic  coast  of  the  United 

States ;  from  the  Old  World  two  species  only  are  known,  viz. 

F.  hispanicus  from  Spain,  and  F.  ortlwnotus  from  the  east 

coast  of  Africa.     Allied  to  Fundulus  are  the  South  American 

LimnurguSy  Lucania,  Rivulus,  and  Cynolebias, 

Orestias. — ^Ventral  fins  none.  Cleft  of  the  mouth  of  moderate 
width,  directed  upwards,  with  the  lower  jaw  prominent,  and 
with  the  upper  protractile.  Both  jaws  with  a  narrow  band 
of  small  conical  teeth.  Scales  rather  small  or  of  moderate 
size,  those  on  the  head  and  upper  part  of  the  trunk  frequently 
enlarged,  plate-like,  and  granulated.  Dorsal  and  anal  fins 
moderately  developed,  opposite  to  each  other.  Sexes  not  differ- 
entiated by  modification  of  the  anal  fin.     The  gill-membranes  of 
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both  sides  are  united  for  a  ehort  distance,  and  not  attached  to 
the  isthmus. 

Inhabitants  of  Lake  Titicaca  and  other  elevated  sheets  of 
water  on  the  Cordilleras  of  Peru  and  Bolivia,  between  the 
14th  and  19th  degrees  of  latitude,  at  an  elevation  of  13,000 
and  14,000  feet  above  the  level  of  the  sea.  Singularly,  the 
fishes  of  this  outlying  genus  attain  to  a  greater  size  than  any 
other  members  of  this  family,  being  about  eight  inches  long 
and  comparatively  bulky.  They  are  considered  a  delicacy. 
Six  species. 

Jenynsia. — Cleft  of  the  mouth  small,  developed  lat«rallj 
and  horizontally ;  snout  not  produced.  Both  jaws  with  a  seiiei 
of  tricuspid  teeth  of  moderate  'size.  Scales  of  moderate  size. 
The  origin  of  the  anal  fin  is,  in  both  sexes,  behind  that  of  th« 
dorsal,  although  the  anal  of  the  male  is  modified  into  an  iiibi>- 
mittent  organ,  in  which  scarcely  any  of  the  rays  remain  distinct. 

One  species  from  Maldonado. 

Gambusia. — Cleft  of  the  mouth  developed  laterally  and 
horizontally.     Snout  not  produced,  with  the  lower  jaw  more  or 


Fig.  280. — Gunbnsia  punctata,  ftain  Cab&.     A. 


less  prominent  Both  jaws  with  a  band  of  teeth,  those  of  the 
outer  series  being  strongest  and  conical.  Scales  rather  lags. 
Origin  of  the  anal  fin  more  or  less  in  advance  of  that  of  the 
dorsal.  Anal  fin  of  the  male  modified  into  an  intromittent 
organ  and  much  advanced. 
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Eight  species  from  the  West  Indies  and  the  southern 
parts  of  South  America. — Allied  genera  are  the  Central 
American  Psevdoxiphophorics  and  Belonesox, 

Anableps. — Head  broad  and  depressed,  with  the  supraorbital 
part  very  much  raised.  Body  elongate,  depressed  anteriorly  and 
compressed  posteriorly.  Cleft  of  the  mouth  horizontal,  of  mode- 
rate width,  the  mandible  being  short;  upper  jaw  protractile. 
Both  jaws  armed  with  a  band  of  villiform  teeth,  those  of  the 
outer  series  being  largest  and  somewhat  movable.  Tlie  integu- 
ments of  the  eye  are  divided  into  an  upper  and  lower  portion 
by  a  dark-coloured  transverse  band  of  the  conjunctiva ;  also  the 
pupil  is  completely  divided  into  two  by  a  pair  of  lobes  projecting 
from  each  side  of  the  iris.  Scales  rather  small  or  of  moderate 
size.  Dorsal  and  anal  fins  short,  the  former  behind  the  latter. 
The  anal  fin  of  the  male  is  modified  into  a  thick  and  long  scaly 
conical  organ  with  an  orifice  at  its  extremity. 

Three    species    from    tropical   America.     They   are   the 

longest   Cyprinodonts,   attaining   to    the    length    of    nearly 

twelve  inches.     Their  peculiar  habit  of  swimming  with  part 

of  the  head  out  of  the  water  has  been  noticed  above  (p.  113). 

II.  CYPRiNODONTiDiE  LiMNOPHAGiE.  —  The  houcs  of  each 
ramus  of  the  mandible  are  hut  loosely  joined ;  intestinal  tract 
ivith  numerous  ciracmvolutions.  Sexes  differentiated.  Mud- 
eating,     Tropical  America, 

POECILIA. — Cleft  of  the  mouth  small,  transverse ;  mandible 
very  short.  Both  jaws  with  a  narrow  band  of  minute  teeth. 
Scales  rather  large.  Origin  of  the  anal  fin  generally  nearly 
opposite  to  that  of  the  dorsal  fin  in  the  female,  but  in  the  male 
it  is  modified  into  an  intromittent  organ  and  much  advanced. 
Dorsal  fin  short,  with  not  more  than  eleven  rays. 

Sixteen  species. 

MoLLiENESiA. — Differing  from  PoecUia  in  having  a  larger 
dorsal  fin,  with  twelve  or  more  rays. 

Five  species.     The  males  are  most  beautifully  coloured, 

and  their  dorsal  fin  is  much  enlarged.     In  one  species  (M, 
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hdlerii),  besides,  the  lower  caudal  rays  of  the  mature  male 
are  prolonged  into  a  long,  sword-shaped,  generally  black  and 
yiellow  appendage. 

Two  other  genera  belong  to  this  group  :  PlaiypoecUus  and 
Girardinvs, 

Seventh  Family — Heteropygil 

Head  naked ;  body  covered  wiih  very  small  scales  ;  harbds 
none.  Margin  of  the  upper  jaw  formed  by  the  intennaxillaries, 
VUliform  teeth  in  the  jaws  and  on  the  palate.  Adipose  jin 
none.  Dorsal  fin  belonging  to  the  caudal  portion  of  the  vertebral 
column^  opposite  to  the  anal.  Ventral  fins  mcdimentary  or 
absent.  Vent  sittuited  before  the  pectorals.  Stomach  eoecal; 
pyloric  appendages  present.  Pseudobranchice  none  ;  air-Uadder 
deeply  notched  anteriorly. 

To  this  small  family,  which  is  closely  allied  to  the 
Cyprinodonts  and  Umbridse,  belongs  the  famous  Blind  Fish 
of  the  Mammoth  Cave  in  Kentucky,  Amblyopsis  spelceus.  It 
is  destitute  of  external  eyes,  and  the  body  is  colourless; 
although  the  eyes,  with  the  optic  nerve,  are  quite  rudimentary, 
the  optic  lobes  are  as  much  developed  as  in  fishes  with  per- 
fect eyes.  The  loss  of  vision  is  compensated  by  the  acute- 
ness  of  its  sense  of  hearing,  as  well  as  by  a  great  number  of 
tactile  papillae,  arranged  on  transverse  ridges  on  the  head,  and 
provided  with  nervous  filaments  coming  from  the  fifth  pair. 
The  ovary  is  single,  and  the  fish  is  viviparous,  like  the 
Cyprinodonts.  It  seems  to  occur  in  all  the  subterranean 
rivers  that  flow  through  the  great  limestone  region  under- 
lying the  carboniferous  rocks  in  the  central  portion  of  the 
United  States.  As  in  Cyprinodon,  so  in  this  genus,  specimens 
occur  without  ventral  fins ;  they  have  been  called  Typhlich- 
thys.  The  largest  size  to  which  Amblyopsis  grows  is  five 
inches. 

Chologaster  is   closely  allied,  but  provided   with  small 
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external  eyes ;  its  body  is  coloured,  but  it  is  destitute  of 
ventrals.     It  was  found  once  in  a  rice  field  in  South  Carolina. 

[See  Tellkampf,  Miill.  Arch.  1844,  p.  381 ;  Packard  and  Putnam,  "The 
Mammoth  Cave  and  its  Inhabitants."    Salem.     1872.     8^] 

Eighth  Family — UMBRiDiE. 

Head  and  body  covered  with  scales ;  barbels  none.  Margin 
of  the  upper  jaio  formed  by  the  intermaxillaries  mesially,  and 
by  the  maxillaries  laterally.  Adipose  Jin  Tume  ;  the  dorsal  fin 
belongs  partly  to  the  abdominal  portion  of  the  vertebral  column. 
Stomach  sipfional ;  pyloric  appendages  none  ;  pseudobranchioi 
glandular y  hidden  ;  air-bladder  simple. 

Two  small  species  only  are  known  :  Umbra  krameri  from 
Austria  and  Hungary,  and  Umbra  lim%  locally  distributed  in 
the  United  States  ;  called  "  Hunds-fish"  in  Germany,  "  Dog- 
fish "  or  "  Mud-fish  "  in  America. 

Ninth  Family — ScoMBRESociDiE. 

Body  covered  with  scales  ;  a  series  of  keeled  scales  along  each 
side  of  the  belly.  Margin  of  the  upper  jaw  formed  by  the  inter- 
maxillaries mesially,  and  by  the  maxillaries  laterally.  Lower 
pliaryngeals  united  into  a  single  bone.  Dorsal  fin  opposite  the 
anal,  belongin//  to  the  caudal  portion  of  the  vertebral  column. 
Adipose  fin  none.  Air-bladder  generally  pfresent,  simple,  some- 
times celbUar,  tvithmU  pneumatic  dtcct,  Pseudobranchicc  hidden, 
glandulur.  Stomach  not  distinct  from  the  intestine,  which  is 
quite  straight,  without  appendages. 

The  fishes  of  this  family  are  chiefly  marine,  some  living  in 
the  open  ocean,  whilst  others  have  become  acclimatised  in  fresh 
water;  many  of  the  latter  are  viviparous,  aU  the  marine 
forms  being  oviparous.  They  are  found  in  all  the  temperate 
and  tropical  zones.     Carnivorous. 

This  famUy  is  represented  in  the  strata  of  Monte  Bolca 
by  rare  remains  of  a  fish  named  Holosteus,  allied  to  Bdone  or 
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Scombresox,  and  by  a  species  of  Belane  in  the  miocene  of 
Licata. 

Belone. — ^Both  jaws  are  prolonged  into  a  long  slender  beak 
All  the  dorsal  and  anal  rays  connected  by  membrane. 

The  long  upper  jaw  of  the  "  Gar-pike  "  is  formed  by  the 
intermaxillaries,  which  are  united  by  a  longitudinal  suture. 
Both  jaws  are  beset  with  asperities,  and  with  a  series  of 
longer,  conical-pointed,  widely-set  teeth.  Skimming  along 
the  surface  of  the  water,  the  Gar-pike  seize  with  these  long 
jaws  small  fish  as  a  bird  would  seize  them  with  its  beak; 
but  their  gullet  is  narrow,  so  that  they  can  swallow  small 
fish  only.  They  swim  with  an  undulating  motion  of  the 
body ;  although  they  are  in  constant  acUvity,  their  progress 
through  the  water  is  much  slower  than  that  of  the  Mackerels, 
the  shoals  of  which  sometimes  appear  simultaneously  with 
them  on  our  coasts.  Young  specimens  are  frequently  met  in 
the  open  ocean ;  when  very  young  their  jaws  are  not  pro- 
longed, and  during  growth  the  lower  jaw  is  much  in  advance 
of  the  upper,  so  that  these  young  fishes  resemble  a  Henii- 
rliamphiis.  About  fifty  species  are  known  from  tropical  and 
temperate  seas,  Belone  belone  being  a  common  fish  on  the 
British  coast.  Its  bones,  Uke  those  of  all  its  congeners,  are 
green;  and  therefore  the  fish,  although  good  eating,  is  dis- 
liked by  many  persons.  Some  species  attain  a  length  of  five 
feet 

Scombresox. — Both  jaws  are  prolonged  into  a  long  slender 
beak.  A  number  of  detached  finlets  behind  the  dorsal  and  anal 
fins. 

The  "Saury"  or  "Skipper"  resemble  the  Gar-pike,  but 
the  teeth  in  the  jaws  are  minute ;  they  seem  to  feed  chiefly 
on  soft  pelagic  animals.  In  their  habits  they  are  still  more 
pelagic;  and  the  young,  in  which  the  beak  is  still  unde- 
veloped, are  met  with  everjrwhere  in  the  open  ocean,  in  the 
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Atlantic  as  well  as  in  the  Pacific  The  European  species,  Se. 
saurus,  ia  not  rare  on  tlie  British  coast;  four  other  species 
have  been  described,  closely  allied  to  Sc.  saurus.  ' 

Heuirhamphus. — The  lower  jaw  only  is  prolonged  into  a 
long  Blender  beak. 

In  the  young  both  jaws  are  short;  the  upper  is  never 
prolonged,  the  intermaxilkrifis  forming  a  triangular,  more  or 
less  convex,  plate.  The  "  Half-beaks  "  are  common  between 
and  near  the  tropics  ;  some  forty  species  are  known,  none  of 
which  attain  to  the  same  length  as  the  Gar-pike,  scarcely 
ever  exceeding  a  length  of  two  feet  Some  of  the  tropical 
species  live  in  fresh  water  only ;  they  are  of  small  size  and 
viviparous. 

Arrhamphcs. — Mouth  formed  aa  in  Semirhampkus,  except 
that  the  lower  jaw  is  not  produced  into  a  beak.  Pectoral  fins 
of  moderate  length. 

One  species  {A.  sclerolepis)  from  the  coast  of  Queensland 
(not  New  Zealand) ;  it  may  be  regarded  as  a  Hemirkampkus, 
with  retarded  development  of  the  lower  jaw. 

ExoCOETUS.  —Jaws  short,  intermaxillaries  and  maxillaries 
separate.  Teeth  minute,  ru<li mental,  and  sometimes  absent 
Body  moderately  oblong,  covered  with  rather  large  scales. 
Pectorals  very  long,  an  organ  of  flying. 

Forty-four  different  kinds  of  "Flying-fishes"  are  known 


Fig.  281. — Flying  Fiah  ;  Exocoetna  calloptenu. 

from  tropical  and  sub-tropical  seas ;  some  have  a  very  wide 
range,  .whilst  others   seem  to  remain  within  one  particular 
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part  of  the  ocean ;  thus,  the  species  figured,  E.  callop- 
teruSy  has  been  hitherto  found  on  the  Pacific  side  of  the 
isthmus  of  Panama  only.  Their  usual  length  is  about  10  or 
12  inches,  but  specimens  of  18  inches  have  been  caught. 
They  always  live  in  shoals,  and  their  numbers  at  certain 
times  and  localities  are  immense ;  thus,  at  Barbadoes  many 
boats  engage  in  their  capture,  as  they  are  excellent  eating. 
The  pectorals  are  in  the  various  species  of  unequal  length; 
in  some  they  extend  to  the  anal  fin  only;  in  others  (and 
these  are  the  best  fliers)  to  the  caudaL  A  few  have  curions, 
barbel-like  appendages  at  the  lower  jaw,  which  may  disappear 
with  age  or  be  persistent  throughout  life.  The  literature  on 
the  subject  of  Flying-fishes  is  very  extensive,  and  great  diver- 
sity of  opinion  exists  among  observers  as  regards  the  mode 
and  power  of  their  flight ;  but  the  most  reliable  agree  that 
the  fishes  do  not  leave  the  water  for  the  purpose  of  catching 
insects  (!),  and  that  they  are  imable  to  move  their  fins  in  the 
manner  of  a  bat  or  bird,  or  to  change  voluntarily  the  direc- 
tion of  their  flight,  or  to  fly  beyond  a  very  limited  distance. 
The  most  recent  enquiries  are  those  of  K.  Mobius  ("Die 
Bewegungen  der  Fliegenden  Fische  durch  die  Luft,"  Leip. 
1878,  8vo),  the  chief  results  of  which  may  be  summed  up 
thus :  Flying-fish  are  more  frequently  observed  in  rough 
weather  and  in  a  disturbed  sea  than  during  calm ;  they  dart 
out  of  the  water  when  pursued  by  their  enemies,  or  frightened 
by  an  approaching  vessel,  but  frequently  also  without  any 
apparent  cause,  as  is  also  observed  in  many  other  fishes; 
and  they  rise  without  regard  to  the  direction  of  the  wind  or 
waves.  The  fins  are  kept  quietly  distended,  without  any 
motion,  except  an  occasional  vibration  caused  by  the  air 
whenever  the  surface  of  the  wing  is  parallel  with  the  cur- 
rent of  the  wind.  Their  flight  is  rapid,  but  gradually  de- 
creasing in  velocity,  greatly  exceeding  that  of  a  ship  going 
10  miles  an  hour,  and  a  distance  of  500  feet.     Generally,  it 


PIKE.  623 

is  longer  when  the  fishes  fly  against  than  with  or  at  an  angle 
to  the  wind.  Any  vertical  or  horizontal  deviation  from  a 
straight  line  is  not  caused  at  the  will  of  the  fish,  but  by  cur- 
rents of  the  air;  thus  they  retain  a  horizontally  straight 
course  when  flying  with  or  against  the  wind,  but  are  carried 
towards  the  right  or  left  whenever  the  direction  of  the  wind 
is  at  an  angle  with  that  of  their  flight.  However,  it  some- 
times happens  that  the  fish  during  its  flight  immerses  its 
caudal  fin  in  the  water,  and  by  a  stroke  of  its  tail  turns 
towards  the  right  or  left.  In  a  calm  the  line  of  their  flight 
is  always  also  vertically  straight,  or  rather  parabolic,  like  the 
course  of  a  projectile,  but  it  may  become  undulated  in  a 
rough  sea,  when  they  are  flying  against  the  course  of  the 
waves ;  they  then  frequently  overtop  each  wave,  being  car- 
ried over  it  by  the  pressure  of  the  disturbed  air.  Flying- 
fishes  often  fall  on  board  of  vessels,  but  this  never  happens 
during  a  calm,  or  from  the  lee  side,  but  during  a  breeze  only, 
and  from  the  weather  side.  In  daytime  they  avoid  a  ship, 
flying  away  from  it ;  but  during  the  night,  when  they  are 
unable  to  see,  they  frequently  fly  against  the  weather-board, 
where  they  are  caught  by  the  current  of  air,  and  carried 
upwards  to  a  height  of  20  feet  above  the  surface  of  the 
water,  while,  under  ordinary  circumstances,  they  keep  close  to 
it.  All  these  observations  point  clearly  to  the  fact  that  any 
deflection  from  a  straight  course  is  due  to  external  circum- 
stances, and  not  to  voluntary  action  on  the  part  of  the  fish. 

Tenth  Family — Esocro^ 

Body  covered  loith  scales ;  harbels  none.  Margin  of  the 
upper  javj  formed  hy  the  iniermaodllaries  mesially,  and  by  the 
maxUlaries  laterally.  Adipose  fin  none  ;  the  dorsal  fin  belongs 
to  the  cavdal  portion  of  the  vertebral  column.  Stomach  vnthotU 
blind  sac  ;  pyloric  appendages  none,  Pseicdobranchice  glandu- 
lar,  hidden  ;  air-bladder  simple ;  gill-opening  very  wide. 
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This  family  includes  one  genua  only,  Esox,  the  "  Pikes,"  in- 
habitants  of  the  fresh  waters  of  the  temperate  parts  of  Europe. 
Asia,  and  America.     The  European  species,  £.  luHue,  inhabite 


Fig.  282.— The  Pike.  (Esoi  Incins.) 
all  three  continents,  but  the  North  American  waters  harbour 
five,  or  perhaps  more,  other  species,  of  which  the  "  Muskel- 
lunge,"  or  "  Maskinonge  "  (E.  estor)  of  the  Great  Lakes  attains 
to  the  same  large  size  as  the  common  Pike.  The  other  species 
are  generally  called  "  Pickerell "  in  the  United  States. 

Fossil  Pike,  belonging  to  the  exbting  genus,  have  been 
found  in  the  freshwater-chalk  of  Oeningen,  and  in  the  diluvial 
marl  of  Silesia.  Eemains  of  the  common  Pike  occur  in 
abundance  in  quaternary  deposits. 


Eleventh  Family — GalaxiidjE. 

Body  naked,  barbels  none.  Margin  oftJie  iippCTJaio  cKUfy 
/  the  ijitermaxUluries,  which  are  short,  and  coniintud 
by  a  thick  lip,  behind  which  are  the  vmxiUaries.  Belly 
rounded;  adipose  fin  lume ;  dorsal  opposite  to  anal.  Pyloric 
appendages  in  smalt  number.  Air-Nadd^  large,  simple ;  psevdo- 
branchite  none.  The  ova  fall  into  the  cavity  of  the  abdemtK 
before  exdvsion. 

Small  freshwater  fishes  of  the  southern  hemisphere,  be- 
longing to  two  genera,  Galaadas  and   Neochanna.     Of  the 
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former  genus  five  species  are  found  in  New  Zealand,  where 
this  type  is  most  developed,  three  in  New  South  Wales,  two 


Fig.  283. — Galaxias  truttaceus,  from  Tasmania. 

in  Tasmania,  and  four  in  the  southern  extremity  of  South 
America.  Their  native  name  in  New  Zealand  is  "  Kokopu," 
and  they  were  dignified  with  the  name  of  "Trout''  by  the 
settlers  before  the  introduction  of  true  Salmonidae.  They 
rarely  exceed  a  length  of  eight  inches.  Neochanna  is  a  de- 
graded form  of  Gcdaxias,  from  which  it  differs  by  the  absence 
of  ventral  fins.  This  fish  has  hitherto  been  found  only  in 
burrows,  which  it  excavates  in  clay  or  consolidated  mud, 
at  a  distance  from  water. 

Twelfth  Family — MoRidYRiDiE. 

Body  and  tail  scaly  ;  liead  scaleless  ;  barbels  Twne.  The 
margin  of  the  upper  jaw  is  formed  in  the  middle  by  the  intei*- 
mxtxUlarieSy  which  coalesce  into  a  single  bone,  and  laterally  by 
the  maxillaries.  Sub-  and  inter-opercidum  present,  the  latter 
very  small.  On  each  side  of  the  single  parietal  bone  a  cavity 
leading  into  the  interior  of  the  skidl,  and  covered  with  a  thin 
bo7iy  lamella.  All  tlie  fins  are  well  developed,  in  Mormyrus ; 
(XT  cavdal,  anal,  and  ventral  Jlns  arc  absent,  in  Gymnarchus. 
No  adipose  Jin,  Pseudobranchim  none;  gill-openings  reduced 
to  a  short  slit.  Air-bladder  simple.  Two  caeca  pylorica 
behind  the  stomach. 

This  family  is  characteristic  of  the  freshwater  fauna  of 
tropical  Africa.     Of  Mormyrus  (including  Hyperopisus  and 

2s 
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Mormyrops),  fifty-one  species  are  known,  of  which  eleven 
occur  in  the  Nile.  Some  attain  a  length  of  three  or  four  feet, 
others  remain  small  •  Their  flesh  is  said  to  have  an  excellent 
flavour.      The    species  figured   (and   probably  other   allied 
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species)  was  an  object  of  veneration  to  the  ancient  i^yptians, 
and,  therefore,  frequently  occurs  in  their  emblematic  inscrip- 
tions. They  abstained  from  eating  it  because  it  was  one  of 
three  different  kinds  of  fishes  accused  of  having  devoured  a 
member  of  the  body  of  Osiris,  which,  therefore,  Isis  was  unable 
to  recover  when  she  collected  the  rest  of  the  scattered  mem- 
bers of  her  husband. 

The  Mormyri  possess  a  singular  organ  on  each  side  of  the 
tail,  without  electric  functions,  but  evidently  representing  a 
transitional  condition  from  muscular  substance  to  an  electric 
organ.  It  is  an  oblong  capsule  divided  into  numerous  com- 
partments by  vertical  transverse  septa,  and  containing  a  gela- 
tinous substance.  The  Mormyri  differ  much  with  regard  to 
the  extent  of  the  dorsal  and  anal  fins,  the  former  sometimes 
occupying  the  greater  portion  of  the  length  of  the  back, 
sometimes  being  much  shorter  and  limited  to  the  taiL  In 
some  the  snout  is  short  and  obtuse,  in  others  long  and 
decurved,  vrith.  or  without  appendage. 

Of  Gymnarchvs  one  species  only  is  known,  G.  nUoiicus, 
which  occurs  in  the  Nile  and  West  African  rivers,  and 
attains  a  length  of  six  feet.  The  form  of  its  body  is  eel-like, 
and  each  jaw  is  armed  with  a  series  of  incisor-like  teeth. 
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like  Mormyrws,  Gymw/rckus  posseses  a  pseudo-electric  organ, 
thickest  on  the  tail,  tapering  in  front,  and  extending  nearly 
to  the  head.  It  consists  of  four  membranaceous  tubes  inti- 
mately connected  with  the  surrounding  muscles,  and  con- 
taining prismatic  bodies  arranged  in  the  manner  of  a  pater- 
noster. The  air-bladder  of  Gymnarchus  is  cellular,  very 
extensible,  and  communicates  with  the  dorsal  side  of  the 
oesophagus  by  a  duct  possessing  a  sphincter. 

[See  Erdl^   Miinchner  Gelehrte  Anzeigen,    1846,   xxiiL,  and  ffyrtl, 
Denkschr.  Akad.  Wiss.  Wien.  1856.  xii.] 

Thirteenth  Family — STERNOPTYCHiDiE. 

Bodi/  naked,  or  with  very  thin  deciduous  scales;  barbels 
none.  Margin  of  the  upper  jaw  formed  by  the  maxillary  and 
intermaxillary,  both  of  which  are  toothed  ;  opercular  apparatus 
not  completely  developed.  GUI-opening  very  wide;  pseudo- 
hranchicB  present  or  absent ;  air-bladder  simple^  if  present. 
Adipose  fin  present,  but  generally  rudimentary.  Series  of  phos- 
phorescent bodies  along  the  lower  parts.  The  eggs  are  enclosed 
in  the  scu^  of  the  ovarium,  and  excluded  by  oviducts. 

Pelagic  and  Deep-sea  fishes  of  small  size. 

Sternoptyx. — Trunk  much  elevated  and  compressed,  with 
the  trunk  of  the  tail  very  short.  Body  covered  with  a  silvery  pig- 
ment, without  regular  scales  ;  series  of  phosphorescent  spots  run 
along  the  lower  side  of  the  head,  body,  and  taiL  Cleft  of  the 
mouth  wide,  vertical,  with  the  lower  jaw  prominent.  Jaws 
armed  with  small  teeth.  Eyes  rather  large,  and  although  lateral, 
directed  upwards  and  placed  close  together.  Ventral  fins  very 
small  A  series  of  imbricate  scutes  runs  along  the  abdomen, 
forming  a  kind  of  serrature.  The  dorsal  fin  is  short,  and  occu- 
pies about  the  middle  of  the  length  of  the  fish ;  it  is  preceded  by 
the  first  commencement  of  the  formation  of  a  spinous  dorsal, 
several  neural  spines  being  prolonged  beyond  the  dorsal  muscle 
forming  a  triangular  osseous  plate.  Adipose  fin  rudimentary ; 
anal  short ;  caudal  forked. 


628  FISHES. 

These  small  fishes  are  now  and  then  picked  up  in  the 
Mediterranean  and  Atlantic.  According  to  the  dredging- 
records  of  the  "  Challenger,"  they  and  the  allied  genera  Argy- 
ropelecics  and  Polyipnus  would  descend  to  depths  of  respectively 
1100  and  2500  fathoms ;  but  the  form  of  their  body  and  their 
whole  organisation  render  this  statement  very  improbable; 
they  most  likely  live  at  a  small  depth  during  the  day-time, 
coming  to  the  surface  at  night,  like  many  Scopdtis. 

Cocda  and  Maurolicus  are  two  other  genera  allied  to  the 
preceding. 

Chauliodus. — Body  elongate,  compressed,  covered  with  ex- 
ceedingly thin  and  deciduous  scales;  series  of  luminous  (phos- 
phorescent) spots  run  along  the  lower  side  of  the  head,  body, 
and  tail.  Head  much  compressed  and  elevated,  with  the  bones 
thin,  but  ossified,  and  with  the  opercular  portion  very  narrow, 
the  interoperculum  being  rudimentary.     Cleft  of  the  mouth  ex- 


Fig.  285. — ChaulioduB  sloaniL 

ceedingly  wide,  the  intermaxillary  forming  one  half  of  the  uppe 
jaw.     Each  intermaxillary  with  four  long  canine  teeth ;  edge  o; 
the  maxillary  finely  denticulated ;  mandible  with  pointed,  wide! 
set  teeth,  the  anterior  of  which  are  exceedingly  long ;  none  ot: 
the  large  teeth  are  received  within  the  mouth.     Palatine  with 
single  series  of  small  pointed  teeth ;  no  teeth  on  the  tongu 
Eye  of  moderate  size.     Pectoral  and  ventral  fins  well  develo 
Dorsal  fin  anteriorly  on  the  trunk,  before  the  ventrals ;  adipoi 
fin  small,  sometimes  fimbriated ;  anal  short,  rather  close  to  tfa^^a 
caudal,  which  is  forked.      Gill-opening   very  wide,   the   out^i^r 
branchial  arch  extending  forward  to  behind  the  symphysis    ^^of 
the  lower  jaw ;  it  has  no  gill-rakers.     Branchiostegals  numeroLU* 


STOMIATIDiE.    •  629 

This  genus,  of  which  one  species  only  {Ch,  sloanii)  is 
known,  is  generally  distributed  over  the  great  depths  of  the 
oceans,  and  does  not  appear  to  be  scarce;  it  attains  to  a 
length  of  12  inches,  and  must  be  one  of  the  most  formidable 
fishes  of  prey  of  the  deep-sea. 

Allied  genera,  are  Gonosto7na,  PJwticfUhys,  and  Biplophos, 
all  of  which  have  the  teeth  of  much  smaller  size. 


Fourteenth  Family — STOMiATiDiE. 

Skin  naked,  or  with  exceedingly  delicate  scales;  a  hyoid 
barbel.  Margin  of  the  v/pper  jaw  formed  by  the  intermaxillary 
and  rrmxillary  which  are  both  toothed;  opercular  apparatus 
but  little  developed.  Gill-opening  very  wide;  pseitdobranchice 
none.  The  eggs  are  enclosed  in  the  sacs  of  the  ovarium,  and 
excluded  by  oviducts. 

Deep-sea  fishes,  descending  to  the  greatest  depths,  charac- 
terised by  their  barbel  and  their  formidable  dentition. 


Fig.  286. — Aatronesthes  niger,    Tlie  white  8pot8  in  front  of  the  eye  are 

phosphorescent  organs. 

Some  have  two  dorsal  fins,  the  posterior  of  which  is  adi- 
pose ;  they  belong  to  the  genus  AstronestJies,  are  the  smallest 
of  the  family,  and  frequently  met  with  in  the  Atlantic. 

The  others — viz.  Stomias,  Echiostom>a,  Malacosteus,  and 
BathyophiSy  lack  the  adipose  fin,  the  rayed  dorsal  being 
opposite  to  the  anal.    Of  these  the  one  longest  known  is 

Stomias. — Body  elongate,  compressed,  covered  with  exceed- 
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ingly  fine  and  deciduous  scales,  which  are  scarcely  imbricate, 
lying  in  subhexagonal  impressions;  vent  situated  at  no  great 
distance  from  the  caudal  fin.  Head  compressed,  with  the  snout 
very  short,  and  with  the  cleft  of  the  mouth  very  wide.  Teeth 
pointed,  unequal  in  size,  those  of  the  intermaxillaries  and  of  the 
mandible  being  the  longest;  maxillary  finely  denticulated; 
vomer  with  a  pair  of  fangs;  palatine  bones  and  tongue  with 
smaller  pointed  teeth.  Eye  of  moderate  size.  Opercular  portion 
of  the  head  narrow.  A  fleshy  barbel  in  the  centre  of  the  hjoid 
region.  Dorsal  opposite  the  anal,  close  to  the  caudal ;  pectoral 
and  ventral  fins  feeble,  the  latter  inserted  behind  the  middle  of 
the  length  of  the  body.  Series  of  phosphorescent  dots  run  along 
the  lower  side  of  the  head,  body,  and  tail  Gill-opening  very 
wide.     Pyloric  appendages  none. 

Three  species  are  known ;  beside  specimens  which  were 

found  floating  on  the  surface,  others  have  been  dredged  from 

depths  varying  between  450  and  1800  fathoms. 

Fifteenth  Family — Salmonida 

Body  generally  covered  with  scales;  head  naked;  barbels 
none.  Margin  of  the  upper  jaw  formed  by  the  intermaxillaries 
mesiallyy  and  by  the  maxillaries  laterally.  Belly  rounded.  A 
small  adipose  fin  behind  the  dorsal.  Pyloric  appendages  gener- 
ally numerous,  rarely  absent.  Air-bladder  large,  simple; 
pseudobranchuB  present.  The  ova  fall  into  the  cavity  of  the 
abdomen  before  exclusion. 

Inhabitants  of  the  sea  and  freshwater;  the  majority  of 
the  marine  genera  are  deep-sea  forms.  The  freshwater  forms 
are  peculiar  to  the  temperate  and  arctic  zones  of  the  Northern 
Hemisphere,  one  occurring  in  New  Zealand;  many  fresh- 
water species  periodically  or  occasionally  descending  to  the 
sea.  One  of  the  most  valuable  families  of  the  class  of 
fishes.  No  fossils  of  the  freshwater  forms  are  known ;  but  of 
the  marine  genera,  Osmernis  occurs  in  the  greensand  of  Ibben- 
busen,  and  in  the  schists  of  Glaris  and  licata ;  a  species  of 
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Mcdlotus,  indistinguishable  from  the  living  M,  vUlosm,  occurs 
abundantly  in  nodules  of  clay  of  unknown  geological  age  in 
Greenland.  Other  genera,  as  Osmeroides,  AcrogncUhtis,  and 
AtUolepis,  from  the  chalk  of  Lewes,  belong  to  the  same  fauna 
as  species  of  Beryx,  and  were  probably  deep-sea  Salmonoids. 

Salmo. — Body  covered  with  small  scales.  Cleft  of  the 
mouth  wide,  the  maxillary  extending  to  below  or  beyond  the 
eye.  Dentition  well  developed ;  conical  teeth  in  the  jaw  bones, 
on  the  vomer  and  palatines,  and  on  the  tongue,  none  on  the 
pterygoid  bones.  Anal  short,  with  less  than  fourteen  rays. 
Pyloric  appendages  numerous ;  ova  large.  Young  specimens 
with  dark  cross-bands  (Parr-marks). 

We  know  of  no  other  group  of  fishes  which  offers  so  many 
difficulties  to  the  ichthyologist  with  regard  to  the  distinction 
of  the  species  as  well  as  to  certain  points  in  their  life-history, 
as  this  genus,  although  this  may  be  partly  due  to  the  unusual 
attention  which  has  been  given  to  their  study,  and  which  has 
revealed  an  almost  greater  amount  of  unexplained  facts  than 
of  satisfactory  solutions  of  the  questions  raised.  The  almost 
infinite  variations  of  these  fishes  are  dependent  on  age,  sex 
and  sexual  development,  food,  and  the  properties  of  the 
water.  Some  of  the  species  interbreed,  and  the  hybrids  mix 
again  with  one  of  the  parent  species,  thus  producing  an  off- 
spring more  or  less  similar  to  the  pure  breed.  The  colora- 
tion is,  first  of  all,  subject  to  variation;  and  consequently 
this  character  but  rarely  assists  in  distinguishing  a  species, 
there  being  not  one  which  would  show  in  all  stages  of  de- 
velopment the  same  kind  of  coloration.  The  young  of  all 
the  species  are  barred  ;  and  this  is  so  constantly  the  case  that 
it  may  be  used  as  a  generic  or  even  as  a  family  character,  not 
being  peculiar  to  Sahno  alone,  but  also  to  Thymallus  and 
probably  to  Coregoiius,  The  number  of  bars  is  not  quite 
constant,  but  the  migratory  Trout  have  two  (and  even  three) 
more  than  the  Eiver-Trout.     In  some  waters  River-trout 
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remain  small,  and  frequently  retain  the  Parr-marks  all  their 
lifetime ;  at  certain  seasons  a  new  coat  of  scales  overlays  the 
Parr-marks,  rendering  them  invisible  for  a  time;  but  they 
reappear  in  time,  or  are  distinct  as  soon  as  the  scales  aie 
removed.     When  the   Salmones  have  passed  this  "Parr" 
state,  the  coloration  becomes  much  diversified.     The  males, 
especially  during  and  immediately  after  the  spawning  time, 
are  more  intensely  coloured  and  variegated  than  the  females; 
specimens  which  have  not  attained  to  maturity  retaining  a 
brighter  silvery  colour,  and  being  more  similar  to  the  female 
fisk     Food  appears  to  have  less  influence  on  the  coloration 
of  the  outer  parts  than  on  that  of  the  flesh ;  thus  the  more 
variegated  specimens  are  frequently  out  of  condition,  whQst 
well-fed  individuals  with  pinkish  flesh  are  of  a  more  imifomi 
though  bright  coloration.     Chemistry  has  not  supplied  us  yet 
with  an  analysis  of  the  substance  which  gives  the  pink  colour 
to  the  flesh  of  many  Salmonoids;  but  there  is  little  doubt 
that  it  is  identical  with,  and  produced  by,  the  red  pigments 
of  many  salt-  and  fresh-water  Crustaceans,  which   form  a 
favourite  food  of  these  fishes.     The  water  has   a  marked 
influence  on  the  colours ;  Trout  with  intense  ocellated  spots 
are  generally  found  in  clear  rapid  rivers,  and  in  small  open 
Alpine  pools ;  in  the  large  lakes  with  pebbly  bottom  the  fish 
are  bright  silvery,  and  the  ocellated  spots  are  mixed  with  or 
replaced  by  X-shaped  black  spots ;  in  pools  or  parts  of  lakes 
with  muddy  or  peaty  bottom,  the  trout  are  of  a  darker  colour 
generally,  and  when  enclosed  in  caves  or  holes,  they  may 
assume  an  almost  uniform  blackish  coloration. 

The  change  of  scales  (that  is,  the  rapid  reproduction  of 
the  worn  part  of  the  scales)  coincides  in  the  migratory  species 
with  their  sojourn  in  the  sea.  The  renovated  scales  give 
them  a  bright  silvery  appearance,  most  of  the  spots  disappear- 
ing or  being  overlaid  and  hidden  by  the  silvery  scales.  Now, 
some  of  the  species,  like  S.  fario,  inhabit  all  the  different 
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waters  indicated,  even  brackish  water,  and,  in  consequence, 
we  find  a  great  variation  of  colour  in  one  and  the  same  species ; 
others  are  more  restricted  in  their  habitat,  like  S,  salar, 
8.  ferox,  etc.,  and,  therefore,  their  coloration  may  be  more 
precisely  defined. 

With  regard  to  size  the  various  species  do  not  present  an 
equal  amount  of  variation.  Size  appears  to  depend  on  the 
abundance  of  food  and  the  extent  of  the  water.  Thus,  the 
Salmon  and  the  different  kinds  of  great  Lake-trout  do  not 
appear  to  vary  considerably  in  size,  because  they  find  the 
same  conditions  in  all  the  localities  inhabited  by  them.  A 
widely  spread  species,  however,  like  S.fario,  when  it  inhabits 
a  small  mountain  pool  with  scanty  food,  may  never  exceed  a 
weight  of  eight  ounces,  whilst  in  a  large  lake  or  river,  where 
it  finds  an  abundance  and  variety  of  food,  it  attains  to  a 
weight  of  fourteen  or  sixteen  pounds.  Such  large  Eiver-trout 
are  frequently  named  and  described  as  Salmon-trout,  Bull- 
trout, etc.  Further,  in  Salmones,  as  in  the  majority  of  fishes 
sind  tailed  Batracheans,  there  is  an  innate  diversity  of  growth 
in  individuals  hatched  from  the  same  spawn.  Some  grow 
rapidly  and  normally,  others  more  slowly,  and  some  remain 
iwarfed  and  stationary  at  a  certain  stage  of  development. 

The  proportions  of  the  various  parts  of  the  body  to  one 
mother  vary  exceedingly  in  one  and  the  same  species.  Be- 
ride  the  usual  changes  from  the  young  to  the  sexually 
nature  form  observed  in  all  fishes,  the  snout  undergoes  an 
extraordinary  amount  of  alteration  of  shape.  In  the  mature 
nale  the  intermaxillaries  and  the  mandible  are  produced  in 
y^arious  degrees,  and  the  latter  is  frequently  more  or  less  bent 
ipwards.  Hence  the  males  have  the  snout  much  more 
X)inted  and  produced,  and  the  entire  head  longer,  than  the 
emales ;  with  the  intermaxillary  bone  the  teeth,  with  which 
t  is  armed,  are  also  enlarged,  sometimes  to  four  times  the 
lize  of  those  of  the  females.    And  if  this  development  of  the 
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front  part  of  the  head  happens  to  be  going  on  while  the 
individual  is  able  to  obtain  only  a  scanty  supply  of  food,  the 
usual  proportions  of  the  head  and  trunk  are  so  altered  that 
the  species  is  very  difficult  to  recognise.  Barren  male  fish 
approach  the  females  in  the  proportions  of  the  head  and 
body,  but  hybrid  fishes  do  not  differ  in  this  respect  from  their 
parents.  The  abundance  or  scarcity  of  food,  and  the  disposi- 
tion or  indisposition  of  the  Salmonoids  to  feed,  are  other 
causes  affecting  the  growth  or  fulness  of  the  various  parts  of 
the  body.  In  weU-fed  fishes  the  head  is  proportionally  not 
only  smaller  but  also  shorter,  and  vice  versa. 

The  Jins  vary  to  a  certain  degree.  The  variation  in  the 
number  of  the  rays  is  inconsiderable  and  of  no  value  for 
specific  distinction.  The  caudal  fin  imdergoes  considerable 
changes  of  form  with  age,  and  dependently  upon  the  sexual 
development.  Young  specimens  of  all  species  have  this  fin 
more  or  less  deeply  excised,  so  that  the  yoimg  of  a  species 
which  has  the  caudal  emarginate  throughout  life,  is  distin- 
guished by  a  deeper  incision  of  the  fin,  fix)m  the  young  of  a 
species  which  has  it  truncate  in  the  adult  state.  As  the 
individuals  of  a  species  do  not  all  attain  to  maturity  at  the 
same  age  and  at  the  same  size,  and  as  mature  individuals 
generally  have  the  caudal  less  deeply  excised  than  immature 
ones  of  the  same  age  and  size,  it  is  evident  that  the  varia- 
tions in  the  form  of  the  caudal  are  considerable  and  numerous, 
and  that  it  is  a  very  misleading  character  if  due  regard  be  not 
paid  to  the  age  and  sexual  development  of  the  fish.  Further, 
species  inhabiting  rapid  streams  as  well  as  still  waters  show 
considerable  variations  in  the  form  and  length  of  all  the  fins ; 
those  individuals  which  live  in  rapid  streams,  being  in  almost 
constant  motion  and  wearing  off  the  delicate  extremities  of 
the  fins,  have  the  fin-rays  comparatively  shorter  and  stouter, 
and  the  fins  of  a  more  rounded  form,  particularly  at  the 
corners,  than  individuals  inhabiting  ponds  or  lakes.    More — 
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over,  one  and  the  same  indi^ddual  may  pass  a  part  of  its 
life  in  a  lake,  and  enter  a  river  at  certain  periods,  thus 
changing  the  form  of  its  fins  almost  periodically. 

Finally,  to  complete  our  enumeration  of  these  variable 
characters,  we  must  mention  that  in  old  males,  during  and 
after  the  spawning-season,  the  skin  on  the  back  becomes 
thickened  and  spongy,  so  that  the  scales  are  quite  invisible, 
being  imbedded  in  the  skin. 

After  this  cursory  review  of  variable  characters  we  pass 
on  to  those  which  are  more  constant,  not  subject  to  ready 
modification  by  external  circumstances ;  and  which,  therefore, 
ought  to  be  noticed  in  every  description  of  a  species  of  Salmo. 

1.  The  form  of  the  prceopercidum  of  the  adult  fish, — The 
praeoperculum  is  composed  of  a  vertical  (posterior)  and  hori- 
zontal (lower)  part  (limb),  both  meeting  at  a  more  or  less 
rounded  angle.  The  development  of  the  lower  limb  is  a  very 
constant  character ;  in  some  species  (as  in  the  Salmou)  it  is 
long,  in  others  (51  fcrox,  S.  hrachypoma)  exceedingly  short. 
The  adjoining  woodcuts  will  readily  show  this  difference. 


A  B 

Fig.  287. — Prsoperculum  of  A.  Salmo  salar ;  B.  Salmo  brachypoma. 

In  young  specimens  of  all  Salmonoids  the  praeoperculum 
has  a  very  short  lower  limb ;  but  whilst  in  some  species  it 
lengthens  with  age,  its  development  in  a  horizontal  direction 
is  arrested  in  others. 
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2.  Tlu  vTidth  and  strength  of  tke  wutxiUary  of  tke  adult 
fijik. — To  show  this  character  in  two  distinct  species,  we  have 
given  woodcnts  of  the  maTJllaries  of  females  <I2  inches  long) 
of  S.farw  and  S.  UrenmsU  of  the  same  sice. 
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Fi^  2%S.  — MarfT.arT  of  A.  SiIido  Ctzio ;  B.  SaIs>o  lereaesksis. 

In  young  specimens  of  all  Salmonoids  the  maxfllanr  is  com- 
paratively shorter  and  brooder,  somewhat  resembling  that  of 

Coregoniu  ;  yet  this  bone  offers  a  vain- 
able  character  for  the  determination  of 
the  yonng  of  some  species;  for  in- 
stance, in  a  yonng  S.  cambricus  it  ex- 
tends scarcely  to  below  the  centre  of 
the  eye,  whilst  in  S.fario  of  the  same 
size  it  reaches  to,  or  even  beyond,  this 
point. 

3.  Tht  giz^  of  the  teeth,  those  of  the 
iniemnaxiUaries  excepted, 

4.  The  arrangement,  and  the  per- 
manenee  or  dedduousness  of  the  vomer' 
ine  teeih, — In  some  species  the  vomer 
is  normally  armed  with  a  double  or 
single  series  throughout  life,  although, 

Fig.  289.— Vomerine  teeth  of  course,  some  of  the  teeth  are  fre- 

tt^"^.^;i^:^  I'^^'^^ly  accidentaUy  lost;  in  othe«. 

these  teeth  disappear  gradually  with 
age,  the  hinder  ones  first,  so  that  finally  the  anterior  only 
remain.  In  order  to  ascertain  the  arrangement  of  the  teeth, 
it  is  necessary  to  remove  the  gengiva.  Frequently  the  teeth 
stand  in  a  distinctly  double  or  single  series,  or  they  are  placed 
alternately;  but  frequent  irregidarities  occur  which  render 
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the  character  vague,  or  even  unsafe,  so  that  some  zoologists 
have  rejected  it  entirely  as  unreliable.     However,  when  a 


Fig.  290. — Vomeriue  teeth  of  Fig.  291. — ^Vomerine  teeth  of 

Salmo  fario,  lower  view.  a  Chair,  side  view. 

greater  number  of  individuals  really  belonging  to  the  same 
species  are  examined,  a  pretty  safe  conclusion  may  be  arrived 
at  as  regards  the  arrangement  of  the  teeth. 

5.  The  form  of  the  caudal  fin  in  specimens  of  a  given  size, 
age,  and  sexual  development. 

6.  A  great  deoelopment  of  the  pectoral  firis,  when  constant 
in  individuals  from  the  same  locality. 

7.  The  size  of  the  scales,  as  indicated  by  the  number  of 
transverse  rows  above  the  lateral  line :  one  of  the  most  con- 
stant characters. 

8.  The  number  of  vertehrcc, — Considering  the  great  number 
of  vertebrae  in  Salmonoids  the  constancy  of  this  character  is 
truly  surprising.  An  excess  or  a  diminution  of  the  normal 
number  by  two,  is  of  rare  occurrence,  and  generally  to  be  ex- 
plained by  the  fact  that  one  vertebra  has  been  abnormally 
divided  into  two,  two  such  vertebrae  being  considerably 
smaller  than  the  others ;  or,  on  the  other  hand,  that  two  have 
merged  into  one  centrum,  which  is  then  imusually  large,  and 
provided  with  two  neural  spines.  We  have  seen  one  case 
only,  in  which  three  vertebrae  were  united.  The  number  of 
vertebrae  can  be  easily  ascertained  in  specimens  destined  for 
preservation  in  spirits,  by  an  incision  made  along  one  side  of 
the  fish,  a  little  above  the  lateral  line. 

9.  The  number  of  pyloric  appendages. — Tliere  can  be  no 
doubt  that  this  character  may  materially  assist  in  fixing  a 
species.  We  shall  see  that  in  some  species  it  varies  from  30 
to  50 ;  but  in  others,  as  in  the  Salmon  and  Charr,  it  has  been 
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found  very  constant  (see  Fig.  56,  p.  131).  If  unexpected 
variations  occur,  their  cause  may  be  found  in  a  partial  con- 
fluence of  the  caeca,  as  we  have  observed  that  specimens  of 
S.  leveneTisis  (a  species  normally  with  from  70  to  90  caeca),  had 
those  appendages  of  unusual  width  when  the  normal  number 
was  diminished. 

We  have  mentioned  above  that  many  points  in  the  life- 
history  of  the  Salmonoids  still  remain  very  obscure  : — 

1.  Johnson,  a  correspondent  of  Willughby  ("  Hist  Pise.," 
p.  194),  had  already  expressed  his  belief  that  the  different 
Salmonoids  interbreed ;  and  this  view  has  since  been  shared 
by  many  who  have  observed  these  fishes  in  nature.  Hybrids 
between  the  Sewin  (S,  cambricus)  and  the  River  Trout  (S.faru)) 
were  numerous  in  the  Ehymney  and  other  rivers  of  South 
Wales,  before  Salmonoids  were  almost  exterminated  by  the 
pollutions  allowed  to  pass  into  those  streams,  and  so  variable 
in  their  characters  that  the  passage  from  one  species  to  the 
other  could  be  demonstrated  in  an  almost  unbroken  series, 
which  might  induce  some  naturalists  to  regard  both  species 
as  identical  Abundant  evidence  of  a  similar  character  has 
accumulated,  showing  the  frequent  occurrence  of  hybrids  be- 
tween S.  fario  and  S.  trvita ;  hybrids  between  S,  fario  and 
species  of  Charr  have  been  abundantly  bred  by  continental 
pisciculturists.  In  some  rivers  the  conditions  appear  to  be 
more  favourable  to  hybridism  than  in  others,  in  which 
hybrids  are  of  comparatively  rare  occurrence.  Hybrids  be- 
tween the  Salmon  and  some  other  species  are  very  scarce 
everywhere.  The  hybrids  are  sexually  as  much  developed 
as  the  pure  breed,  but  nothing  whatever  is  known  of  their 
further  propagation  and  progeny. 

2.  Siebold  has  shown  that  some  individuals  of  eveiy 
species  are  not  sexually  developed,  and  that  such  individuals 
difier  also  externally  from  those  normally  developed.    How- 
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ever,  he  appears  to  have  gone  too  far  when  he  stated  that 
this  state  of  sterility  extends  over  the  whole  existence  of  such 
individuals,  and  that,  therefore,  the  external  peculiarities  also 
remain  permanent  throughout  life.  According  to  Widegren 
this  sterility  is  merely  a  temporary  immaturity,  and  a  part  of 
the  individuals  arrive  at  a  full  sexual  development  at  a  later 
or  much  later  period  than  others.  To  this  we  may  add  that 
many  Salmonoids  cease  to  propagate  their  species  after  a 
certain  age,  and  that  all  so  called  overgrown  individuals 
(that  is,  specimens  much  exceeding  the  usual  size  of  the 
species)  are  barren.  Externally  they  retain  the  normal 
specific  characters. 

The  Sedmon  offers  a  most  remarkable  instance  of  irregu- 
larity as  regards  the  age  at  which  the  individuals  arrive  at 
maturity.  Shaw  has  demonstrated,  in  the  most  conclusive 
manner,  that  those  small  Salmonoids,  which  are  generally 
called  Parr,  are  the  offspring  of  the  Salmon,  and  that  many 
males,  from  7  to  8  inches  long,  have  their  sexual  organs  fully 
developed,  and  that  their  milt  has  all  the  impregnating  pro- 
perties of  the  seminal  fluid  of  a  much  older  and  larger  fish. 
That  this  Parr  is  not  a  distinct  species — as  has  been  again 
mfidntained  by  Couch — is  further  proved  by  the  circumstance 
that  these  sexually  mature  Parr  are  absolutely  identical  in 
their  zoological  characters  with  the  immature  Parr,  which  are 
undoubtedly  young  Salmon,  and  that  no  Parr  has  ever  been 
found  with  mature  ova.  But  whether  these  Parr  produce 
normal  Salmon,  impregnating  the  ova  of  female  salmon,  or 
mingle  with  the  Eiver-trout,  or  whether  they  continue  to 
grow  and  propagate  their  species  as  fully  developed  Salmon, 
are  questions  which  remain  to  be  answered.  We  may  only  add 
that,  as  far  as  we  know,  barren  old  Salmon  are  extremely  scarce. 

3.  The  question  whether  any  of  the  migratory  species 
can  be  retained  by  artificial  means  in  fresh  water,  and  finally 
accommodate  themselves  to  a  permanent  sojourn  therein, 
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must  be  negatived  for  the  present  Several  instances  of  suc- 
cessful experiments  made  for  this  purpose  have  been  brought 
forward ;  but  all  these  accounts  are  open  to  serious  doubts» 
inasmuch  as  they  do  not  afford  us  sufficient  proof  that  the 
young  fish  introduced  into  ponds  were  really  young  migra- 
tory Salmonoids,  or  that  the  full-grown  specimens  were 
identical  with  those  introduced,  and  not  hybrids  or  non- 
migratory  Trout  of  a  somewhat  altered  appearance  in  conse- 
quence of  the  change  of  their  locality.  We  have  seen  the 
experiment  tried  at  two  places  in  South  Wales,  and  in  both 
cases  the  Salmon  and  the  pure  Sewin  died  when  not  allowed 
to  return  to  the  sea.  On  the  other  hand,  hybrid  fishes  from 
the  Sewin  and  the  Trout  survived  the  experiment,  and  con- 
tinued to  grow  in  a  pond  perfectly  shut  up  from  communica- 
tion with  the  sea.  In  that  locality  neither  those  hybrids  nor 
the  trout  spawn. 

4.  Although  the  majority  of  the  mature  individuals  of  a 
migratory  species  ascend  a  river  at  a  certain  fixed  time  before 
the  commencement  of  spawning,  others  enter  the  fresh-water 
at  a  much  earlier  period,  either  singly  or  in  smaU  troops; 
and  many  appear  to  return  to  the  sea  before  they  reascend 
at  the  time  of  the  regular  immigration.  It  is  not  improbable 
that  one  and  the  same  individual  may  change  the  salt-  or 
fresh- water  several  times  in  the  year.  However,  this  is  the 
case  in  certain  rivers  only,  for  instance,  in  those  falling  into 
the  Moray  Firth ;  in  others  one  immigration  only  is  known 
to  occur.  The  cause  of  the  irregular  ascents  previous  to  the 
autumnal  ascents  is  imknown.  A  part,  at  least,  of  the  hybrid 
fishes  retain  the  migratory  instinct;  but  it  is  not  known 
whether  sterile  individuals  accompany  the  others  in  their 
migrations. 

5.  It  is  said  that  the  migratory  species  invariably  return 
to  the  river  in  which  they  are  bred.  Experiments  have 
shown  that  this  is  normally  the  case ;  but  a  small  proportion 
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appear  to  stray  so  far  away  from  their  native  place  as  to  be 
unable  to  tind  their  way  back.  Almost  every  year  Salmon 
and  Sea-trout  in  the  Grilse-state  make  their  appearance  at 
the  mouth  of  the  Thames  (where  the  migrating  Salmonoids 
have  become  extinct  for  many  years),  ready  to  reascend  and 
to  restock  this  river  as  soon  as  its  poisoned  water  shall  be 
sufficiently  purified  to  allow  them  a  passage. 

6.  There  has  been  much  dispute  about  the  time  required 
for  the  growth  of  Salmonoids.  The  numerous  and  apparently 
contradictory  observ^ations  tend  to  show  that  there  is  a  great 
amount  of  variation  even  among  individuals  of  the  same 
origin  living  under  the  same  circumstances,  some  of  them 
growing  much  more  quickly  than  others,  and  being  ready 
to  descend  to  the  sea  twelve  months  before  their  brethren. 
The  cause  of  this  irregularity  is  not  explained.  On  the  other 
hand,  when  we  consider  the  fibrous  condition  of  the  Sal- 
monoid  skeleton,  which  is  much  less  solid,  and  more  want- 
ing in  calcareous  substance,  than  that  of  the  majority  of 
Teleosteous  fishes,  we  shall  be  quite  prepared  to  adopt 
the  truth  of  the  observation  that  the  young  Salmonoids 
return  to  the  fresh  water,  after  a  few  months  sojourn  in 
the  sea,  and  after  having  feasted  on  nourishing  Crustaceans, 
Sand-eels,  etc.,  with  their  former  weight  in  ounces  increased 
to  pounds. 

7.  Liability  to  variation  in  form  indicates  that  an  animal 
can  adapt  itself  to  a  variety  of  circumstances  ;  therefore,  such 
species  as  show  the  greatest  pliability  in  this  respect,  are 
those  which  most  recommend  themselves  for  domestication 
and  acclimatisation  within  certain  climatic  limits.  Thus,  the 
Eiver-trout  or  Sea-trout  were  very  proper  subjects  for  those 
eminently  successful  attempts  to  establish  them  in  similar 
latitudes  of  the  Southern  Hemisphere,  whilst  the  attempt  of 
transferring  them  into  the  low  hill-streams  of  India  ended  (as 
could  be  foreseen)  in  a  total  failure.     Those  two  species  must 
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now  be  considered  to  be  fully  acclimatised  in  Tasmania  and 
New  Zealand,  and  with  but  little  protection  may  be  expected 
to  hold  their  own  in  the  fresh  waters  of  those  colonies.  Whe- 
ther the  acclimatisation  of  the  Salmon  will  be  in  the  end 
equally  and  permanently  successful,  remains  to  be  seen.  The 
true  S.  salar  is  not  subject  to  variation,  and  is  very  sensitive 
to  any  change  of  external  conditions,  and  to  every  kind  of 
interference  with  its  economy.  The  fourth  species,  with 
which  attempts  of  acclimatisation  in  Southern  Australia  have 
been  made,  is  a  migratory  Salmon  from  the  Sacramento  river 
in  California.  This  experiment  is  still  in  progress,  and  be- 
lieved to  be  promising  of  success.  It  will  be  a  most  curious 
problem  to  ascertain,  how  much  the  original  characters  and 
habits  of  those  species  will  be  aflfected  by  their  transference 
to  so  distant  a  part  of  the  globa  At  present  it  would  be  too 
hazardous  to  oflfer  an  opinion  on  this  point,  especially  as  it  is 
a  fact  that  numerous  cross-breeds  have  been  introduced  into, 
and  reared  in,  Tasmania,  which  must  more  or  less  interfere 
with  the  characters  of  the  pure  breeds. 

It  is  apparent,  from  the  foregoing  remarks,  that  the  dis- 
tinction of  the  various  species  of  Salmonidae  is  a  matter  of 
considerable  difficulty,  and  that  there  is  scope  for  great 
diversity  of  opinion.  At  any  rate  it  is  only  by  a  close,  long- 
continued  study,  and  constant  comparison  of  specimens  of 
various  stges  and  from  various  localities,  that  one  is  enabled 
to  find  a  guide  through  the  labyrinth  of  confusing  variations. 
However,  it  is  a  significant  fact  that  the  very  same  characters 
by  which  we  are  enabled  to  distinguish  European  species 
occur  again,  though  in  an  exaggerated  form,  in  American 
Salmonoids  (which  everybody  will  admit  to  be  of  distinct 
species),  and  therefore  our  faith  in  them  necessarily  becomes 
strengthened.  In  accordance  with  acknowledged  principles 
in  zoology,  forms  which  differ  from  their  congeners  by  a  com- 
bination of  two  or  more  of  constant  characters,  are  to  be 
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distinguished  under  distinct  specific  names.  Most  likely  they 
have  been  derived,  at  a  not  very  remote  period,  from  common 
ancestors,  but  the  question  of  their  specific  distinctness  is  no 
more  affected  by  this  consideration  than  the  question  whether 
Salmo  and  Coregonus  are  distinct  genera.  Whenever  the 
zoologist  observes  two  forms  distinguished  by  peculiarities  of 
organisation,  such  as  cannot  be  conceived  to  be  the  effects  of 
an  external  or  internal  cause,  disappearing  with  the  disap- 
pearance of  that  cause,  and  which  forms  have  been  propagated 
and  are  being  propagated  uniformly  through  all  the  genera- 
tions within  the  limits  of  our  observations,  and  are  yet  most 
probably  to  be  propagated  during  the  existence  of  mankind, 
he  is  obliged  to  describe  these  forms  as  distinct,  and  they  will 
commonly  be  called  species. 

The  species  of  the  genus  Salmo  are  inhabitants  of  the 
temperate  and  arctic  zones  of  the  Northern  Hemisphere ;  the 
species  are  most  abundant  in  the  northern  parts  of  the  tem- 
perate zone,  becoming  scarcer  beyond  the  Arctic  circle,  and 
in  the  warmer  parts  towards  the  south.  The  southernmost 
points  in  which  Salmones  are  found,  are,  on  the  American 
continent,  the  rivers  falling  into  the  head  of  the  Califomian 
Gulf,  and  in  the  Old  World  the  mountain  rivers  of  the  Atlas 
and  Hindu  Kush.  The  Salmones  from  those  localities 
are  migratory  Trout  in  the  New  World,  non-migratory  and 
small  in  the  Old.  Those  species  which  range  to  the  highest 
latitudes  (lat.  82°)  belong  to  the  division  of  Charr,  a  group 
which  generally  are  more  intolerant  of  a  moderate  temperature, 
than  real  Trout.     The  genus  is  subdivided  into 

a,  Salmones — Salmon  and  Trout — with  teeth  on  the  body  of 
the  vomer  as  well  as  its  head  (see  Figs.  289  and  290). 

b,  Salvelini — Charr — with  teeth  on  the  head  of  the  vomer 
only  (see  Fig.  291). 

Of  the  host  of  species  (the  majority  of  which  is  unfortu- 
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nately  very  insufficiently  characterised)  we  enumerate  the 
following : — ^ 

a.  Salmones. 

1.  S.  solar  (Salmon ;  Lachs  or  Salm ;  Saumon)  (Fig.  6,  p.  43). 
The  Salmon  can  generally  be  readily  recognised,  but  there  are 
instances  in  which  the  identification  of  specimens  is  doubtful,  and 
in  which  the  following  characters  (besides  others)  will  be  of  great 
assistance.  The  tail  is  covered  with  relatively  large  scales,  there 
being  constantly  eleven,  or  sometimes  twelve  in  a  transverse  series 
running  from  behind  the  adipose  fin  forwards  to  the  lateral  line, 
whilst  there  are  from  thirteen  to  fifteen  in  the  different  kinds  of 
Sea-trout  and  River-trout.  The  number  of  pyloric  appendages 
(see  Fig.  56,  p.  131)  is  great,  generally  between  60  and  70,  more 
rarely  falling  to  53  or  rising  to  77.  The  body  of  the  vomer 
is  armed  with  a  single  series  of  small  teeth,  which  at  an  early 
age  are  gradually  lost  from  behind  towards  the  front,  so  that 
half-grown  and  old  individuals  have  only  a  few  (1-4)  left. 
The  Salmon  inhabits  temperate  Europe  southwards  to  43° 
N.  lat.,  and  is  not  found  in  any  of  the  rivers  falling  into  the 
Mediterranean.  In  the  New  World  its  southern  boundary  is 
41°  N.  lat 

2.  S.  trvita  (Sea-trout,  Salmon-trout).* — Especially  numerous 
in  North  Britain. 

3.  5.  cambricus  (Sewin). — ^Wales,  South  of  England,  Ireland, 
Norway,  and  Denmark. 

4.  S,  fario  (Common  River-trout). 

5.  S.  macrostigma  (Algeria). 

6.  S.  lemantis  (Lake  of  Geneva). 

7.  S.  hrcLchypoma, — A  migratory  species  from  the  rivers  Forth, 
Tweed,  and  Ouse. 

8.  S,  gallivensis  (Galway  Sea-trout). 


^  For  specific  characters  and  detailed  descriptions  we  refer  to  Giinther, 
*'Catal.  of  Fishes,"  vol.  vi. 

«  The  names  "Bull-trout"  and  "Peal"  are  not  attributable  to  definite 
species.  We  have  examined  specimens  of  S.  mlar,  S.  trtUta^  and  S,  cambricus 
and  S.  fario,  to  which  the  name  "  BuU- trout "  had  been  given  ;  and  that  of 
"Peal "  is  given  indiscriminately  to  Salmon-grilse  and  to  S.  eambricm. 
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9.  S,  orcadensis. — A  non-migratory  trout  from  Lough  Stennis, 
in  the  Orkney  Islands. 

10.  S,  ferox. — ^The  great  Lake-trout  of  North  Britain,  Wales, 
and  Ireland. 

11.  jS.  stomachicus  (the  Gillaroo  of  Ireland). 

1 2.  S,  nigripinnis  from  mountain-pools  of  Wales. 

13.  S.  levenensis  (Lochleven  Trout). 

14.  S.  oxi  from  the  rivers  of  the  Hindu  Kush. 

15.  8.  purpuratus  from  the  Pacific  coast  of  Asia  and  North 
America. 

1 6.  S,  macrosiama. — Japan. 

17.  S.  namaycush, — The  great  Lake-trout  of  North  America. 


Fig.  292. — Salmo  brachypoma. 

b.  Salveuni:  Charr. 

1.  jS^.  umhla, — The  "Ombre  chevalier"  of  the  Swiss  lakes. 

2.  jS.  salvdinus. —  The  "Sselbling"  of   the  Alpine  lakes  of 
Bavaria  and  Austria. 

3.  S.  alpinus, — ^The  common  Northern  Charr,  growing  to  a 
length  of  four  feet,  and  migratory. 

4.  S.  kUlinensis. — The  Loch  Killin  Charr,  Inverness-shire. 

5.  S.  willughbii — The  Loch  Windermere  Charr. 

6.  S.  perisii.—The  "  Torgoch  "  of  Wales. 

7.  S,  grayl — The  "  Freshwater  Herring "  of  Lough  Melvin, 
Ireland. 
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8.  S.  coin. — Charr  of  Loughs  Eske  and  Dan. 

9.  S.  hucho, — ^The  "  Huchen  "  of  the  Danube,  growing  to  the 
size  of  the  Salmon. 

10.  S,  alipes  from  lakes  in  Boothia  Felix  and  Greenland. 

11.  S,  ardurus. — ^The  most  northern  species  from  82^  lat 

12.  S.  fontinalis. — The  common  "  Brook  -  trout "  of  the 
United  States. 

1 3.  S,  oquas&a. — A  lake  species  from  the  State  of  Maine. 

Oncorhynchus  differs  from  Salmo  only  in  the  increased 
number  of  anal  rays,  which  are  more  than  fourteen.  All  the 
species  are  migratory,  ascending  American  and  Asiatic  rivers 
flowing  into  the  Pacific.  The  Californian  Salmon  (0.  quinnai!) 
belongs  to  this  genus. 

Other  allied  genera  are  BrachymyUax  and  ZttciotnUta. 

PLECOGLOSSUa — Body  covered  with  very  small  scales.  Cleft 
of  the  mouth  wide ;  maxillary  long.  Dentition  feeble ;  inter- 
maxillaries  with  a  few  small,  conical,  pointed  teeth ;  the  teeth 
of  the  maxillaries  and  mandibles  are  broad,  truncated,  lamellated 
and  serrated,  movable,  seated  in  a  fold  of  the  skin.  The  man- 
dibles terminate  each  in  a  small  knob,  and  are  not  jointed  at  the 
symphysis.  The  mucous  membrane  in  the  interior  of  the  mouth 
— ^between  the  terminal  halves  of  the  mandibles — forms  a  pecu- 
liar organ,  being  raised  into  folds,  with  a  pair  of  pouches  in  front 
and  a  single  one  behind.  Tongue  very  small,  with  minute  teeth, 
its  apical  part  being  toothless  ;  palate  apparently  without  teeth. 

A  small  aberrant  form  of  Freshwater-Salmonoids  abund- 
antly found  in  Japan  and  the  Island  of  Formosa. 

OsBCERUS. — Body  covered  with  scales  of  moderate  size.  Cleft 
of  the  mouth  wide ;  maxillary  long,  extending  to,  or  nearly  to, 
the  hind  margin  of  the  orbit.  Dentition  strong ;  intermaxillaiy 
and  maxillary  teeth  small,  much  smaller  than  those  of  the  man- 
dible. Vomer  with  a  transverse  series  of  teeth,  several  of  which 
are  large,  fang-like ;  a  series  of  conical  teeth  along  the  palatine 
and  pterygoid  bones.  Tongue  with  very  strong  fang-like  teeth 
anteriorly,  and  with  several  longitudinal  series  of  smaller  ones 
posteriorly.  Pectoral  fins  moderately  developed.  Pyloric  ap- 
pendages veiy  short,  in  small  number ;  ova  smalL 
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The  "  Smelt "  {0,  eperlanus)  is  common  on  many  places  of 
the  coasts  of  Northern  Europe  and  America.  In  the  sea  it 
grows  to  a  length  of  eight  inches ;  but,  singularly,  it  frequently 
migrates  from  the  sea  into  rivers  and  lakes,  where  its  growth 
is  very  much  retarded.  That  this  habit  is  one  of  very  old 
date,  is  evident  from  the  fact  that  this  small  freshwater  form 
occurs,  and  is  fully  acclimatised  in  lakes  which  have  now  no 
open  communication  with  the  sea.  And  still  more  singularly, 
this  same  habit,  with  the  same  result,  has  been  observed  in 
the  Smelt  of  New  Zealand  {Rctropinna  richardsonii).  The 
Smelt  is  considered  a  delicacy  in  Europe,  as  well  as  in 
America,  where  the  same  species  occurs.  Two  other  allied 
genera,  Hypomesus  and  Thaleichthys,  are  found  on  the  Pacific 
coa^t  of  North  America,  the  latter  being  caught  in  immense 
numbers,  and  known  by  the  name  "Eulachon"  and  "Oulachan;" 
it  is  so  fat,  that  it  is  equally  used  as  food  and  as  candle. 

Mallotus. — Body  covered  with  minute  scales,  which  are 
somewhat  larger  along  the  lateral  line  and  along  each  side  of  the 
belly ;  in  mature  males  these  scales  become  elongate,  lanceolate, 
densely  tiled,  with  free  projecting  points,  forming  villous  bands. 
Cleft  of  the  mouth  wide ;  maxillary  very  thin,  lamelliform,  ex- 
tending to  below  the  middle  of  the  eya  Lower  jaw  the  longer, 
partly  received  between  the  maxillaries.  Dentition  very  feeble  ; 
the  teeth  forming  single  series ;  only  the  teeth  on  the  tongue  are 
somewhat  larger  and  disposed  in  an  elliptical  patcL  Pectoral 
fins  large,  horizontal,  with  broad  base.  Pyloric  appendages  very 
short,  in  small  number ;  ova  small. 

The  "  Capelin  "  (if.  villosus)  is  found  on  the  Arctic  coasts 

of  America  and  of  Kamtschatka.     It  is  caught  in  immense 

numbers  by  the  natives,  who  consume  it  fresh,  or  dry  it  for 

use  in  the  winter.     Its  length  does  not  exceed  nine  inches. 

COREGO^aJS. — Body  covered  with  scales  of  moderate  size. 
Cleft  of  the  mouth  small ;  maxillary  broad,  short  or  of  moderate 
length,   not   extending  behind   the   orbit     Teeth,   if  present, 


extremely  mmnte  and  deciduoue.     Dorsal  fin  of  moderate  length ; 
caadal  deeply  forked.     Ova  smalL 


Fig.  293. — Coitgoniu  oiyrhynchi 


The  m^'ority  of  the  species,  of  vhich  more  than  forty  are 
known,  are  lacostrme  species ;  and  comparative!;  fev  aie 


Kg.  294. — Head  of  Congonu  oxTThynchiu, 

subject  to  periodical  migrations  to  the  sea,  like  Salmo.  They 
are  confined  to  the  northern  parts  of  temperat*  Europe,  Asia, 
and  North  America.  Their  distribution  is  local,  but  some- 
times three  and  more  species  are  foitnd  in  the  same  lake. 
They  abound  in  every  lake  and  river  of  the  northern  parts  of 
North  America,  and  are  known  by  the  name  of  "  White-fish." 
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They  are  of  vital  importance  to  some  tribes  of  the  native 
population.  The  European  C.  oxyrhynchue  is  as  much  a 
marine  as  a  freshwater  species.  In  the  British  Islands 
several  small  species  occur,  viz.  C.  dupeoidw,  the  "  Gwyniad," 


Rg.  2S6. — CoregoDiit  cInp«oid«t. 

"  Schelly,"  or  "  Powen  "  from  the  great  lakes ;  C.  vandesius, 
the  "  Vendace  "  of  Lochmaben ;  and  C,  pollan,  the  "  Follan  " 
of  the  Irish  lakes.  The  latter  is  brought  in  quantities  to 
Belfast  market  during  the  season,  that  is,  at  the  time  when 
it  rises  from  the  depths  of  Lough  Ne^h  to  deposit  its  spawn 
near  the  shore.  Thomson  says  that  in  September  1834  some 
17,000  were  taken  there  at  three  or  four  draughts  of  the  net. 
Some  of  the  species  of  the  continent  of  Europe  and  America 
attain  to  a  much  larger  size  than  the  British  species,  viz.  to 
8  length  of  two  feet. 

Thtmallus. — Principally  diBtinguished  from  Coregonus  by 
Its  long  many-rayed  dorsal  fin. 

"  Graylings  " — five  species,  inhabiting  clear  streams  of  the 
north  of  Europe,  Asia,  and  Korth  America.    The  best  known 
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are  the  "  Poisson  bleu  "  of  the  Canadian  voyageurs  {Th,  sig- 
ni/er),  and  the  European  Grayling  {T.  vulgaris). 

Salanx. — Body  elongate,  compressed,  naked  or  covered  with 
small,  exceedingly  fine,  deciduous  scales.  Head  elongate  and 
much  depressed,  terminating  in  a  long,  flat,  pointed  snout  Eye 
small.  Cleft  of  the  mouth  wide  ;  jaws  and  palatine  bones  with 
conical  teeth,  some  of  the  intermaxillaries  and  mandibles  being 
enlarged ;  no  teeth  on  the  vomer ;  tongue  with  a  single  series 
of  curved  teeth.  Dorsal  fin  placed  far  behind  the  ventrals,  but 
in  front  of  the  anal ;  anal  long ;  adipose  fin  small ;  caudal  forked 
Pseudobrancbise  well  developed  ;  air-bladder  none.  The  entire 
alimentary  canal  straight,  without  bend;  pyloric  appendages 
none.     Ova  small. 

This  small,  transparent,  or  whitish  fish  {S,  chinensis)  is  well 

known  at  Canton  and  other  places  of  the  coast  of  China  as 

"  Whitebait,"  and  considered  a  delicacy.     It  Ls  evidently  a  fish 

which  lives  at  a  considerable  depth  in  the  sea,  and  approaches 

the  coast  only  at  certain  seasons. 

Finally,  this  family  is  represented  in  the  deep  sea  by  three 
genera,  Argentina,  Microstoma,  and  Bathylagus,  of  which  the 
two  former  Kve  at  moderate  depths,  and  have  been  known  for 
a  long  time,  whilst  the  last  was  discovered  during  the  "  Chal- 
lenger "  expedition  in  the  Atlantic  and  Antarctic  Oceans  at 
depths  of  1950  and  2040  fathoms.  As  Argentina  is  sometimes 
found  in  the  North  Atlantic,  and  even  near  the  British  coasts, 
we  give  its  principal  characters. 

Argentina. — Scales  rather  large ;  cleft  of  the  mouth  small; 
intermaxillaries  and  maxillaries  very  short,  not  extending  to 
below  the  orbit.  Eye  large.  Jaws  without  teeth ;  an  arched 
series  of  minute  teeth  across  the  head  of  the  vomer  and  on  the 
fore  part  of  the  palatines ;  tongue  armed  with  a  series  of  small 
curved  teeth  on  each  side.  Dorsal  fin  short,  in  advance  of  the 
ventrals ;  caudal  deeply  forked.  Pseudobranchiae  well  developed. 
Pyloric  appendages  in  moderate  numbers.     Ova  small. 

Four  species  are  known,  of  which  ^.  silics  and^.  tiebridm 
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have  been  found  occaaionally  on  the  North  British,  and,  more 
frequently,  on  the  Norwegian  coast.  The  other  species  are 
from  the  Mediterranean.    Attaining  to  a  length  of  18  inches. 

Sixteenth  Family — PEBcopsiDiE. 

Body  covered  with  ctenoid  scales  ;  head  naked.  Margin  of 
the  upper  jaw  formed  hy  the  intermaocillaries  ordy  ;  opercular 
apparatus  complete.  Barbels  none,  QUI  -  openings  wide. 
Adipose  fin  present. 

One  genus  and  species  only  (Percopsis  guttatus) ;  interest- 
ing as  having  the  general  characters  of  Salmonoids,  but  the 
mouth  and  scales  of  a  Percoid.  Freshwaters  of  the  northern 
United  States. 

Seventeenth  Family — Haplochitonid^. 

Body  naked  or  scaly  (cycloid).  Margin  of  the  upper  jaw 
formed  by  the  intermaxillary;  opercular  apparatus  complete. 
Barbels  none.  Gill  -  opening  wide  ;  pseudobranchice.  Air- 
bladder  simple.  Adipose  fin  present.  Ovaries  laminaled  ;  the 
eggs  fall  into  the  cavity  of  the  abdomen,  there  being  no  oviduct. 
Pyloric  appendages  none. 

Freshwater-fishes  which  represent  the  Salmonoids  in  the 


Fig.  296. — Prototroctea  oxyrhynchus,  New  Zealand. 

southern  hemisphere.     Two  genera  only  are  known.    Hap- 
lochiCon  (Fig.  104,  p.  250)  abundant  in  lakes  and  the  streams 
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felling  into  the  Straits  of  Magelbsen  and  in  the  TireTS  of  Chile 
and  the  Falkland  Islands.  It  has  the  geaeial  appearance  of  a 
Trout,  but  is  naked.  Proiotrodea,  with  the  habit  of  a  (/on- 
gonus,  scaly,  and  provided  with  minute  teeth ;  one  species  (P. 
Tnarama)  is  common  in  South  Australia,  the  other  {P.  ary- 
rkynchus)  in  New  Zealand.  The  settlers  in  these  colonies  call 
them  Grayling;  the  Maori  name  of  the  second  species  is 
"  Upokororo." 

Eighteenth  Familt — GoNOBHTiicHn>£. 

Head  and  body  eiUirdy  covered  with  apiny  scales ;  nontk 
wiih  harbeU.  Margin  of  the  upper  jaw  forvud  by  the  iniff- 
maxiUary,  which,  alOunigh  short,  is  corUinued  doumwardt  <u  a 
thick  lip,  Quoted  in  front  ofthemaxUlary.  Adipose  fin  mm; 
the  dorsal  Jin  is  opposite  to  the  vejitrals,  and  short,  like  theanai 
StoTTUKh  simple,  vnihaut  Uind  sae;  pyloric  appendages  in  mail 
number,    Pseudobranchw ;  air-bladder  absent.     Gill-openingi 


Tig.  298. — Scale  of  OonoriiTiidiiu  greyL 

One  genus  and  species  only  {Gowrkynchus  greyi)  ia  kno<ni ; 
it  is  a  Bemi-pelagic  fish,  not  very  rare  off  the  Cape  of  Good  Hope, 
and  in  the  Australian  and  Japanese  seas.     From  12  to  18  inebH 
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Dg.     The  colonists  in  New  Zealand  name  it  "  Sand-eel/'  as  it 
-equents  bays  with  sandy  bottouL     It  is  eaten. 

Nineteenth  Family — HYODONTiDiE. 

Body  covered  with  cycloid  scales ;  head  naked;  barbels  none, 
(argin  of  the  upper  jaw  formed  by  the  intermaxiUaries  mesially, 
ndby  the  maxillaries  laierally,  the  latter  being  articulated  to 
%e  end  of  the  former.  Opercular  apparatus  complete.  Adipose 
\n  none  ;  the  dorsal  fin  belongs  to  the  caudal  portion  of  the 
ertebral  column.  Stomach  horseshoe-shaped,  without  blind 
%c  ;  intestine  short ;  one  pyloric  appendage.  Pseudobranchice 
one  ;  air-bladder  simple.  Oill-openings  wide.  The  ova  fall 
rUo  the  abdominal  cavity  before  exclusion. 

One  genus  and  species  only  {Hyodon  tergisus)  is  known, 
enerally  called  "  Moon-eye."  It  is  abundant  in  the  western 
treams  and  great  lakes  of  North  America.  From  12  to  18 
Qches  long. 

Twentieth  FAidiLY — PANTODONTiDiE. 

Body  covered  vnth  large  cycloid  scales;  sides  of  the  head 
sseous.  Margin  of  the  upper  jaw  formed  by  the  single  inter- 
naaillary  mesially,  and  by  the  m^ixillaries  laterally.  The 
lorsal  fin  belongs  to  the  caudal  portion  of  the  vertebral  column, 
s  short,  opposite  and  similar  to  the  anal.  Gill-openings  wide; 
fill-covers  consisting  of  a  prceoperculum  and  operculum  only. 
Branchiostegals  numerotis.  Pseudobranchice  none  ;  air-bladder 
imple.  Stomach  without  coecal  sac;  one  pyloric  appendage. 
Sexual  organs  with  a  du>ct. 

A  small  freshwater -fish  (Pantodon  buchholzi),  singularly 
ilike  to  a  Cyprinodont,  from  the  west  coast  of  Africa. 

Twenty-First  Family — OsTEOGLOSSiDiE. 
Body  covered  unth  large  hard  scales,  composed  of  pieces  like 
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long.     The  coloDietB  in  New  Zealand  name  it  "  Sand-eel,"  as  it 
frequents  bays  with  sandy  bottom.     It  is  eaten. 

Ninetee;.th  Family — Htodoktid^ 

Bodp  rorered  with  cycloid  scales;  head  naked;  harhela  none. 
Margin  of  the  upper  jaw  formed  by  the  intermaxiliaries  mesially, 
and  by  the  mamillaries  laterally,  tke  latter  heivg  articulated  to 
the  end  of  tke  former.  Ojiercular  apparatus  complete.  Adipose 
fin  none  ;  the  dorsal  fin  belongs  to  the  caudal  portion  of  the 
vertebral  column.  Stomach  horseshoe-shaped,  uHtJiout  bliTid 
sac;  irUestine  short ;  one  pyloric  appendage.  Pseudobranchia; 
none  ;  air-bladder  simple.  GUI-openings  wide.  The  ova  fall 
into  the  abdominal  cavity  before  exclusion. 

One  genus  and  species  only  {Eyodon  tergisus)  is  known, 
generally  culled  "  Aloon-eye."  It  is  abundant  in  the  western 
streams  and  great  lakes  of  North  America.  From  12  to  18 
inches  long. 

TWE-NTIBTH  FaIIILY — PANTODONno^. 

Body  covered  with  large  cycloid  scales;  sides  of  tke  head 
oaaeofiA     Margin  of  the  upper  jaw  formed  by  Ike  single  ititer- 

mau-ilhiry   mesially,  and  hg  the    mamillaries   Intfrally.      Tk- 
doTMtlJin  Iclomgg/^^vdal  portion  of  the  i^tt^mtl  oMk. 


to  the  anal.  Gill- 
vjperculnm  ami  n 
hur  n 


-vprnm^  \ 
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mosaic.  Head  scaldess  ;  Us  integvments  nearly  entirdy  rq>laced 
by  bone  ;  lateral  line  composed  of  toide  openings  of  the  mucus- 
duct.  Margin  of  tJie  upper  jaw  formed  by  the  intermaxillaries 
mesially^  and  by  the  maxUlaries  laterally.  The  dorsal  fin 
belongs  to  the  caudal  portion  of  the  vertebral  column^  is  opposite 
and  very  similar  to  the  anal  fin;  both  approximate  to  the 
rounded  caudal  (with  which  they  are  abnorm/zUy  confluent), 
GiU'Openings  wide ;  psevdobranchice  none ;  air-Uadder  simple 
or  cellular.  Stomxuh  wUhovl  coecal  sac;  pyloric  appendages 
two. 

Large  freshwater-fishes  of  the  tropics,  whose  singular 
geographical  distribution  has  been  noticed  above  (p.  223). 

OsTEOOLOSSUM. — Cleft  of  the  mouth  very  wide,  oblique,  with 
the  lower  jaw  prominent.  A  pair  of  barbels  at  the  lower  jaw. 
Abdomen  trenchant.  Bands  of  rasp-like  teeth  on  the  vomer, 
palatini  and  pterygoid  bones,  on  the  tongue  and  hyoid.  Pectoral 
fins  elongate. 

0.  bicirrhosum  fix)m  Brazil  and  Guyana,  O.formosum  from 

Borneo  and  Sumatra,  0.  leichardti  from  Queensland. 

Arapaima. — Cleft  of  the  mouth  wide,  with  the  lower  jaw 
prominent;  barbels  none.  Abdomen  rounded.  Jaws  with  an 
outer  series  of  small  conical  teeth ;  broad  bands  of  rasp-Uke  teeth 
on  the  vomer,  palatines,  pterygoids,  sphenoid,  os  linguale,  and 
hyoid.     Pectoral  fins  of  moderate  length. 


Fig.  299. — Arapaima  gigas. 

The  largest  freshwater  Teleostean  known,  exceeding  a 
length  of  15  feet  and  a  weight  of  400  pounds.  It  is  common 
in  the  large  rivers  of  Brazil  and  the  Guyanas,  and  esteemed  as 
an  article  of  food.  When  salted  it  is  exported  in  large 
quantities  from  the  inland  fisheries  to  the  seaports. 
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Heterotis. — Cleft  of  the  mouth  rather  small,  with  the  jaws 
subeqnal ;  barbels  none.  A  single  series  of  small  teeth  in  the 
jaws ;  pterygoids  and  hyoid  with  a  patch  of  small  conical  teeth ; 
none  on  the  vomer  or  palatines. 

This  fish   {ff.  niloticus),  which  is  not  uncommon  in  the 

TJpi)er  Nile  and  the  West  African  rivers,  exhibits  several 

anatomical  peculiarities.     The  fourth  branchial  arch  supports 

a  spiral  accessory   organ,   the    function   of    which   is   still 

unexplained.    The  air-bladder  is  cellular,  and  the  stomach 

consists  of  a  membranous  and  a  muscular  portion. 

Twenty-Second  Family — CLUPEiDiE. 

Body  covered   with    scales;    head    naked;    barbels   rume. 
Abdomen  frequerUly  compressed  into  a  serrated  edge.    Margin 
of  the  upper  jaw  formed  by  the  intermaxillaries  mesially,  and 
by  the  maxillaries  laterally ;  maxUlaries  composed  of  at  least 
three  movable  pieces.     Opercular  apparatus  complete.    Adipose 
fin  none.      Dorsal  not  elongaJte ;   anal  sometimes  very  long. 
Stomach  with  a  blind  sajc  ;  pyloric  appendages  numerous.     Gill- 
apparatus  much  developed^  the  gill-openings  being  generally  very 
toide.     Pseudobran/ihice  generally  present.     Air-bladder  more 
€>r  less  simple. 

The  family  of  "  Herrings  "  is  probably  unsurpassed  by  any 
ether  in  the  number  of  individuals,  although  others  comprise 
a  much  greater  variety  of  species.  The  Herrings  are  princi- 
pally coast-fishes,  or,  at  least,  do  not  go  far  from  the 
shore ;  none  belong  to  the  deep-sea  fauna ;  scarcely  any 
have  pelagic  habits,  but  many  enter  or  live  in  fresh  waters 
conimnnicating  with  the  sea.  They  are  spread  over  all  the 
temperate  and  tropical  zones.  Fossil  remains  of  Herrings  are 
numerous,  but  the  pertinence  of  some  of  the  genera  to  this 
family  is  open  to  serious  doubts,  as  the  remains  are  too 
fragmentary  to  allow  of  determining  whether  they  belong  to 
Salmonoids  or  Clupeoids.     Therefore,  Agassiz  comprised  both 
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families  in  one — Haleddoe.    Many  of  the  remains  belong  to 
recent    genera,  which    are    readily    recognised,  as    Clupea, 
Engravlis  and  Chanos,  principally  fix)m  the  schists  of  Claris 
and  licata,  from  Monte  Bolca  and  the  Lebanon.     Others,  like 
Thrissopaier,   from    the    Gault    at    Folkestone,   Zeptosomm, 
Opisthoptcryx,  Spaniodon,  from  the  chalk  and  tertiary  forma- 
tions, can  be  readily  associated  with  recent  genera.     But  thft 
majority  do  not  show  an  apparent  afiinity  to  the  present  fauna^ 
Thus,  ffalec  from  the  chalk  of  Bohemia,  Platinx  and  Codogaster 
from  Monte  Bolca,  Rhindlus  from  Monte  Bolca  and  Mouni 
Lebanon,  Scombrodupea,  with  finlets  behind  the  anal,  from 
the  Lebanon  and  Comen,  and  Crossognathus  from  tertiary  Swiss 
formations,  allied  to  Megalops,  Spathodadylus  from  the  same 
locality,  and  Chirocentrites  from  Mount  Lebanon,  etc.    Finally, 
a  genus  recently  discovered  in  tertiary  formations  of  Northern 
Italy,  HemitrichaSy  has  been  classed  with  the  Clupeoids,  fix)m 
which,  however,  it  differs  by  having  two  short  dorsal  fins,  so 
that  it  must  be  considered,  without  doubt,  to  be  the  represent- 
ative of  a  distinct  family. 

Engraulis  (including  Cetengraulis). — Scales  large  or  of 
moderate  siza  Snout  more  or  less  conical,  projecting  beyond 
the  lower  jaw.  Teeth  small  or  rudimentary.  Intermaxillanes 
very  small,  hidden ;  maxillary  long,  attached  to  the  cheek  by  a 
scarcely  distensible  membrane.  Anal  fin  of  moderate  or  great 
length.     Branchiostegals  short,  from  nine  to  fourteen  in  number. 

Not  less  than  forty-three  different  species  of  "  Anchovies  " 

are  known  from  temperate  and  tropical  seas.     They  exhibit 

marked  differences   in  the  length  of  their  maxillary  bone, 

which  sometimes  does  not  reach  the  gill-opening,  whilst  in 

other  species  it  extends  far  beyond  it ;  and  in  the  number  of 

their  anal  rays,  which  varies  from  20  to  80.     Some  have  the 

upper  pectoral  ray  prolonged  into  a  filament,  thus  leading 

towards   the  succeeding  genus,   CoUia,      The   majority  are 

recognised,  besides,  by  their  peculiar  structure,  by  a  broad 
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silvery,  lateral  band,  similar  to  that  observed  in  the  Atherines. 
The  most  celebrated  Anchovy  is  E,  encrasicholics,  very  plentiful 
in  the  Mediterranean,  but  rarely  wandering  northwards.  It 
is  the  species  which,  preserved  in  salt,  is  exported  to  all  parts 
of  the  world,  although  similarly  lucrative  fisheries  of  Anchovies 
might  be  established  in  Tasmania  where  the  same  species 
occurs,  in  Chile,  China,  Japan,  CaUfomia,  at  Buenos  Ayres, 
each  of  which  countries  possesses  Anchovies  by  no  means 
inferior  to  the  Mediterranean  species. 

CoiLiA. — Body  terminating  in  a  long  tapering  taiL  Scales  of 
moderate  size.  Snout  and  jaws  as  in  Engraviis,  Anal  fin 
exceedingly  long,  confluent  with  the  caudal.     The  two  or  three 


Fig.  800. — Coilia  clnx)eoides. 

upper  pectoral  rays  are  much  prolonged,  and  their  branches  form 
four,  six,  or  seven  filaments. 

Ten  species  from  Indian  and  Chinese  seas. 

Chatoessus. — Body  compressed ;  abdomen  serrated.  Scales 
of  moderate  size.  Snout  obtuse,  or  obtusely  conical,  more  or  less 
projecting  beyond  the  cleft  of  the  mouth,  which  is  narrow,  more 
or  less  transverse.  Maxillary  joined  to  the  ethmoid,  its  upper 
portion  being  behind  the  intermaxillary.  Teeth  none.  Anal  fin 
rather  long  ;  dorsal  opposite  to  the  ventrals,  or  to  the  space 
between  ventrals  and  anal  Gill-membranes  entirely  separate ; 
branchial  arches  forming  two  angles,  one  pointing  forward  and 
the  other  backwards  ;  the  fourth  branchial  arch  with  an  accessory 
organ ;  branch iostegals  of  moderate  length,  five  or  six  in  number. 

Ten  species  from  the  coasts,  brackish  and  fresh  waters  of 

2u 
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Central  America  (one  species  ranges  to  New  York),  Australia, 
the  East  Indies,  and  Japan. 

•  Clupea. — Body  compressed,  with  the  abdomen  serrated,  the 
serrature  extending  forwards  to  the  thorax.  Scales  of  moderate 
or  large,  rarely  of  small  size.  Upper  jaw  not  projecting  beyond 
the  lower.  Cleft  of  the  mouth  of  moderate  width.  Teeth,  if 
present,  rudimentary  and  deciduous.  Anal  fin  of  moderate 
extent,  with  less  than  thirty  rays;  dorsal  fin  opposite  to  the 
yentrals.     Caudal  forked. 

This  genus  comprises  more  than  sixty  different  species, 

the  geographical  distribution  of  which  coincides  with  that  of 
the  family.  The  majority  are  of  greater  or  less  utility  to  man, 
but  a  few  tropical  species  {C.  thrissa,  C.  venenosa,  and  others) 
acquire,  probably  from  their  food,  highly  poisonous  properties, 
so  as  to  endanger  the  life  of  persons  eating  them.  The  most 
noteworthy  species  are — 

1.  C,  harengus  (the  "  Herring"). — It  is  readily  recognised  by 
having  an  ovate  patch  of  very  small  teeth  on  the  vomer.  D. 
17-20.  A.  16-18.  Llat.  53-59.  Vert.  56.  Gill-cover  smooth, 
without  radiating  ridges.  It  inhabits,  in  incredible  numbers, 
the  German  Ocean,  the  northern  parts  of  the  Atlantic,  and  the 
seas  north  of  Asia.  The  Herring  of  the  Atlantic  coasts  of 
North  America  is  identical  with  that  of  Europe.  A  second 
species  has  been  supposed  to  exist  on  the  British  coast  (C. 
ledchii),  but  it  comprises  only  individuals  of  a  smaller  size, 
the  produce  of  an  early  or  late  spawn.  Also  the  so-called 
"  Whitebait "  is  not  a  distinct  species,  but  consists  chiefly  of 
the  fry  or  the  young  of  herrings,  and  is  obtained  "in  perfection" 
at  localities  where  these  small  fishes  find  an  abundance  of 
food,  as  in  the  estuary  of  the  Thames. 

[Separate  accounts  on  the  Herring  may  he  found  in  Cuvier  and  Valen- 
ciennes, "Hist  nat  des  Poissons,"  vol.  xx. ;  J.  M.  Mitchell,  **Thc 
Herring,  its  Natural  History  and  National  Importance,"  Edinb. 
1864,  8vo ;  P.  Neucrantz,  "  De  Harengo,"  Luheck,  1654  ;  J.  S. 
Dodd,  "  Essay  towanls  a  Natural  History  of  the  Herring,"  Lond. 
1768,  8vo;  Bock,  "  Versuch  einer  vollstaendigen  Natur-und  Handels- 
Geschichte  des  Haeringa,"  Konigsberg,  1769,  8vo.] 
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•  2.  C,  mirahilis, — The  Herring  of  the  North  Pacific. 

3.  C,  sprcUtus. — The  "  Sprat."  Without  vomerine  teeth.  D. 
15-18.  A.  17-20.  L  lat  47-48.  Vert.  47-49.  GiU-cover 
smooth,  without  radiating  ridges.  Abundant  on  the  Atlantic 
coasts  of  Europe. 

4.  C.  thrissa, — One  of  the  most  common  West  Indian  fishes, 
distinguished  by  the  last  dorsal  ray  being  prolonged  into  a 
filament.  Hyrtl  has  discovered  a  small  accessory  branchial 
organ  in  this  species. 

5.  C.  afosa.— The  "  Shad  "  or  "  Allice  Shad,"  with  very  fine 
and  long  gill-rakers,  from  60  to  80  on  the  horizontal  part  of  the 
outer  branchial  arch,  and  with  one  or  more  black  lateral 
blotches.     Coasts  of  Europe,  ascending  rivers. 

6.  a  Jinta.— The  "  Shad  "  or  "  Twaite  Shad,"  with  stout 
osseous  gill-rakers,  from  21  to  27  on  the  horizontal  part  of  the 
outer  branchial  arch,  and  spotted  like  the  preceding  species. 
Coasts  of  Europe,  ascending  rivers,  and  found  in  abundance 
in  the  Nile. 

7.  C.  menhaden, — The  "  Mossbanker,"  common  on  the  At- 
lantic coasts  of  the  United  States.  The  economic  value  of  this 
fish  is  surpassed  in  America  only  by  that  of  the  Gadoids,  and 
derived  chiefly  from  its  use  as  bait  for  other  fishes,  and  from 
the  oil  extracted  from  it,  the  annual  yield  of  the  latter  exceed- 
ing that  of  the  whale  (from  American  Fisheries).  The  refuse 
of  the  oil  factories  supplies  a  material  of  much  value  for 
artificial  manures. 

[See  G.  Brown  Goode,  **  The  Natural  and  Economical  History  of  the 
American  Menhaden,"  in  U.S.  Commission  of  Fish  and  Fisheries, 
Part  v.,  W^ashington,  1879,  8vo.] 

8.  C.  sapidissima. — The  American  Shad,  abundant,  and  an 
important  food-fish  on  the  Atlantic  coasts  of  North  America. 
Spawns  in  fresh  water. 

9.  C.  mattowocca. — The  "  Gaspereau  "  or  "  Ale-wife,"  com- 
mon on  the  Atlantic  coasts  of  North  America,  ascending  into 
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freshwater  in   early   spring,  and  spawning    in  ponds  and 

lakes. 

10.  a piMardus,— The  "Pilchard"or  the  "Sardine," equally 
abundant  in  the  British  Channel,  on  the  coast  of  Portugal, 
and  in  the  Mediterranean,  and  readily  recognised  by  radiat- 
ing ridges  on  the  operculum,  descending  towards  the  sub- 
operculum. 

11.  C.  sagax. — Representing  the  Pilchard  in  the  Pacific, 
and  found  in  equally  large  shoals  on  the  coasts  of  Califomia, 
Chile,  New  Zealand,  and  Japan. 

12.  C.  toll. — The  subject  of  a  very  extensive  fishery 
on  the  coast  of  Sumatra  for  the  sake  of  its  roes,  which  are 
salted  and  exported  to  China,  the  dried  fish  themselves 
being  sent  into  the  interior  of  the  island.  The  fish  is  called 
"  Trubu"  by  the  Malays,  about  18  inches  long,  and  it  is 
said  that  between  fourteen  and  fifteen  millions  are  caught 
annually. 

13.  C.  scambrina. — ^The  "Oil-Sardine"  of  the  eastern  coast  of 
the  Indian  Peninsula. 

Other,  but  less  important  genera  of  Clupeoids  with  ser- 
rated abdomen,  are  Clupeoides,  Pellonula,  ClupeicfUhys,  Pellona, 
Fristigaster,  and  ChirocerUrodan  (these  three  last  with  very 
small  or  without  any  ventral  fins). 

Albula. — ^Body  oblong,  moderately  compressed;  abdomen 
flat.  Scales  of  moderate  size,  adherent;  lateral  line  distinct. 
Eyes  covered  with  a  broad  annular  adipose  membrane.  Snout 
pointed,  the  upper  jaw  projecting  beyond  the  lower.  Mouth 
inferior,  of  moderate  width,  with  villiform  teeth  ;  intermaxillary 
juxtaposed  to  the  upper  anterior  edge  of  the  maxillary.  Dorsal 
fin  opposite  to  the  ventrals  ;  anal  fin  shorter  than  dorsal  Gill- 
membranes  entirely  separate,  with  numerous  branchiostegals. 

One  species  only  (A.  conorhynchtis),  ranging  over  all  tro- 
pical and  sub-tropical  seas,  and  very  common  in  many  locaU- 
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ties  near  the  coasts.    It  grows  to  a  length  of  from  two  to 
three  feet,  and  is  not  valued  as  food. 

Elops.  —  Body  rather  elongate,  moderately  compressed  ; 
ahdomen  flat.  Scales  small,  adherent ;  lateral  line  distinct  A 
narrow  osseous  lamella,  attached  to  the  mandihulary  symphysis, 
covers  the  part  hetween  the  mandibles.  Snout  pointed ;  mouth 
wide,  anterior ;  intermaxillary  short,  maxillary  forming  the  lateral 
part  of  the  mouth  Bands  of  villiform  teeth  in  the  jaws,  on  the 
vomer,  palatine  and  pterygoid  bones,  on  the  tongue,  and  on  the 
base  of  the  skulL  Dorsal  fin  opposite  to  ventrals  ;  anal  rather 
shorter  than  dorsal  Gill-membranes  entirely  separate,  with 
very  numerous  branchiostegals. 

Two  species,  of  which  one,  J?,  saurvs,  is,  like  the  preced- 


Fig.  301. — Elops  saorns. 

ing  fish,  spread  over  all  tropical  and  sub-tropical  seas;  it 
exceeds  a  length  of  three  feet,  and  is  not  esteemed  as  food. 

Megalops. — ^Body  oblong,  compressed,  abdomen  flat.  Scales 
large,  adherent ;  lateral  line  distinct.  A  narrow  osseous  lamella, 
attached  to  the  mandihulary  symphysis,  between  the  mandibles. 
Snout  obtusely  conical ;  mouth  anterior,  lower  jaw  prominent ; 
intermaxillary  short ;  maxillary  forming  the  lateral  part  of  the 
mouth.  Bands  of  villiform  teeth  in  the  jaws,  on  the  vomer, 
palatine  and  pterygoid  bones,  on  the  tongue  and  on  the  base  of 
the  skull.  Dorsal  fin  opposite  to,  or  immediately  behind,  the 
ventrals ;  anal  rather  larger  than  dorsal  Gill-membranes  en- 
tirely separate,  with  numerous  branchiostegals.  PseudobranchisB 
none. 

Two  species,  one  belonging  to  the  Indo-Pacific  {M,  cypri- 
Tundes),  the  other  to  the  Atlantic  {M.  thrissoides) ;  they  are 
the  largest  fishes  of  this  family,  exceeding  a  length  of  five 
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feet,  and  excellent  eating.     Young  specimens  enter  freely 
fresh  waters. 

Chanos. — Body  oblong^  compressed ;  abdomen  flat.  Scales 
small,  striated,  adherent ;  lateral  line  distinct.  Snout  depressed ; 
mouth  small,  anterior,  transverse,  the  lower  jaw  with  a  small 
symphysial  tubercle.  Intermaxillary  in  juxtaposition  to  the 
upper  anterior  edge  of  maxillary.  Teeth  none.  Dorsal  fin 
opposite  to  the  ventrals ;  anal  small,  shorter  than  dorsal ;  caudal 
deeply  forked.  Oill-membranes  entirely  united  below,  and  free 
frx)m  the  isthmus.  Branchiostegals  four,  long.  An  accessory 
branchial  organ  in  a  cavity  behind  the  gill-cavity  proper.  Air- 
bladder  divided  by  a  constriction  into  an  anterior  and  posterior 
portion  Mucous  membrane  of  the  oesophagus  raised  in  a  spiral 
fold.     Intestine  with  many  convolutions. 

Two  species  from  the  Indo-Pacific,  of  which  Ch,  salmoneus 
is  extremely  common ;  it  enters  fresh  waters,  and  exceeds  a 
length  of  four  feet ;  its  flesh  is  highly  esteemed.     The  acces- 


Fig.  302. — Chanos  salmoneus. 

sory  branchial  organ  and  the  skeleton  have  been  described  by 
Muller,  "Bau  und  Grenzen  der  Ganoiden,"  p.  75  ;  and  by  Hyrtly 
"  Denkschr.  Ak.  Wiss.  Wien."  xxi.  1883,  p.  1. 

The  remaining  genera  belonging  to  this  family  are  Spra- 
telloides,  Dvssumieria,  and  JEtrumeus,  which  together  form  a 
small  group,  distinguished  by  an  anterior  and  lateral  mouth, 
by  the  upper  jaw  not  overlapping  the  lower,  by  a  rounded 
abdomen,  and  by  lacking  the  gular  plate  of  some  of  the  pre- 
ceding genera. 
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Twenty-Third  Family — BATHYTHRissiDiE. 

Body  ohlong,  with  rov/nded  abdomen,  covered  with  cycloid 
scales;  head  naked  ;  barbels  none.  Margin  of  the  upper  jaw 
formed  by  the  intermaxUlaries  mesially,  and  by  the  maxUlaries 
laterally.  Opercular  apparatus  c&niplete.  Adipose  fin  none  ; 
dorsal  fin  much  elongate,  many  rayed ;  anal  fin  short. 
Stomach  with  a  blind  sac  ;  pyloric  appendages  numerous,  Gfill- 
apparatus  well  developed  ;  pseudobranchicc  ;  gill-openings  wide  ; 
an  air-bladder.     Ova  very  small ;  ovaries  without  duct. 

One  genus  and  species  only  {Bathythrissa  dorsalis)  from 
deep  water  (350  fathoms)  off  the  coast  of  Japan.  This  re- 
markable fish  has  the  appearance  of  a  Coi-egonus,  and  attains 
to  a  length  of  two  feet.  Nothing  is  known  of  its  osteology, 
but  possibly  a  fossil  genus  from  the  Gyps  of  Montmartre ; 
Notosus,  which  has  also  a  long  dorsal  fin,  may  prove  to  belong 
to  the  same  family. 

Twenty-Fourth  Family — CHiROCENTRiDiE. 

Body  covered  with  thin,  deciduous  scales;  barbels  none. 
Margin  of  the  upper  jaw  formed  by  the  intermaxillaries  mesi- 
ally,  and  by  the  maxillaries  laterally^  both  bones  being  firmly 
united,  in  juxtaposition.  Opercular  apparatus  complete.  Adi- 
pose fin  none ;  tlie  dorsal  fin  belongs  to  the  caudal  portion  of 
the  vertebral  column.  Stomach  with  a  blind  sac ;  intestine 
sho7*t,  the  mucous  membrane  forming  a  spiral  fold ;  pyloric 
appendages  none,  Pseudobranchiw  none;  air-bladder  incom- 
pletely divided  into  cells  ;  gill-opening  wide. 

One  genus  and  species  only  {Cliiroce^itrus  dorab)  is  known, 
which  is  common  in  the  Indian  Ocean,  and  attains  to  a 
length  of  about  three  feet ;  it  is  not  esteemed  as  food. 
Remains  of  fishes  similar  to  Chirocentrus  ate  found  in  the 
marl  slates  of  Padang,  in  Sumatra. 
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Twenty-Fifth  Family — ^AuspocEPHALiDiK. 

Body  vnth  or  without  scales;  head  naked;  barbels  none. 
Margin  of  the  upper  jaw  formed  by  the  intermaxUlaries  and 
maxillaries,  the  former  being  placed  along  the  upper  anterior 
edge  of  the  latter.  Opercular  apparatus  complete.  Adipose 
fin  nxme ;  the  dorsal  fin  belongs  to  the  caudal  portion  of  the 
vertebral  column,  Stomaxh  carved,  withotU  blind  sac  ;  pyloric 
appendages  in  moderate  numier.  Fseudobranchice  ;  air-bladder 
absent.     GUI-openings  very  wide. 

Before  the  voyage  of  the  "  Challenger  "  one  species  only 
of  this  family  was  known,  Alepocephalus  rostratus,  a  rare  fish 
from  the  Mediterranean ;  now,  four  genera  with  seven  species 
are  known,  and  there  is  no  doubt  that  this  family  is  one  of 
the  most  characteristic,  and  will  prove  to  be  one  of  the  most 
generally  distributed  forms,  of  the  deep-sea.  Their  vertical 
range  varies  between  345  {Xenodermichthys)  and  2150  {Baihy- 
troctes)  fathoms.  They  approach  the  Salmonoids,  but  lack 
invariably  the  adipose  fin.  Their  dentition  is  very  feeble; 
their  eye  large ;  bones  thin.     Coloration  black. 

Alepocephalus  has  thin  cycloid  scales;  a  mouth  of  moderate 
width,  and  no  teeth  on  the  maxillary. 

Bathytroctes  has  cycloid  scales,  a  wide  mouth,  and  teeth 
on  the  maxillary  as  well  as  intermaxillary. 

Platytroctes  has  small  keeled  scales  and  no  ventrals. 

XENODERifiCHTHYS  with  fine  nodules  instead  of  scales. 

Twenty-Sixth  Family — Notopterida 

Head  and  body  scaly  ;  barbels  n^one.  Margin  of  the  upper 
jaw  formed  by  the  intermaxUlaries  mesicUly,  and-  by  the 
mamillaries  laterally.  Opercular  apparatus  incomplete.  Tail 
prolonged,  tapering.  Adipose  fin  none.  Dorsal  short,  belonging 
to  the  caudal  portion  of  the  vertebral  column  ;  anal  very  long. 
Stomach  without  blind  sac;  tu)o  pyloric  appendages.     Pseudo- 
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hranchice  none;  air-bladder  presenty  divided  in  the  interior. 
The  ova  fall  into  the  cavity  of  the  abdomen  before  exdtision. 
On  each  side  a  parieto-mastoid  cavity  leading  into  the  interior 
of  the  skull. 

One  genus  only  {Notopterus)  with  five  species  which 
inhabit  fresh  waters  of  the  East  Indies  and  West  Africa. 
Well-preserved  remains  of  this  genus  occur  in  the  marl  slates 
of  Padang,  in  Sumatra.  Their  air-bladder  is  divided  into 
several  compartments,  and  terminates  in  two  horns  anteriorly 
and  posteriorly,  the  anterior  horns  being  in  direct  connection 
vdth  the  auditoiy  organ. 

Twenty-Seventh  Family — HALOSAURiDiE. 

Body  covered  ivith  cycloid  scales  ;  head  scaly  ;  barbels  none. 
Margin  of  the  upper  jaw  formed  by  the  intermaxillaries  mesially, 
and  by  the  maxillaries  laterally.  Opercular  apparatus  incom- 
plete. Adipose  fin  none.  The  short  dorsal  belongs  to  the 
abdominal  part  of  the  vertebral  column;  anal  very  long. 
Stom/ich  with  a  blind  sac  ;  intestine  short ;  pyloric  appendages 
in  moderate  number.  Pseudobranchioi  none.  Air-bladder  large, 
simple  ;  gill-openings  wide.     Ovaries  closed. 

The  only  genus  belonging  to  this  family  was  discovered 
by  the  Madeiran  ichthyologist  Johnson,  in  1863 ;  but  since 
then  the  naturalists  of  the  "Challenger"  expedition  have 
added  four  other  species,  showing  that  this  type  is  a  deep-sea 
form  and  widely  distributed ;  the  specimens  were  dredged  in 
depths  varying  from  560  to  2750  fathoms. 

Twenty-Eighth  Family — Hoplopleurid^ 

Body  generally  with  four  series  of  subtriangvlar  scutes,  and 
vnth  intermediate  scale-like  smaller  ones.  One  (?)  dorsal  only  ; 
head  long,  vnth  the  jaws  produced. 
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Exlind ;  developed  in  the  chalk  and  extending  into 
tertiary  formations:  Dercetis  (with  the  upper  jaw  longest), 
Lq)totracheltts,'Pelargorhj/nchvs,  PlinthopJwrus,  Saurorhaniphus 
(with  the  lower  jaw  longest),  Eurypholis  ;  Ischyrocephalus  (?). 
The  latter  genus,  from  cretaceous  formations  of  Westphalia, 
is  said  to  have  two  dorsal  fins, 

Twenty-Ninth  Family — Gymnotid^ 

Head  scaleless;  barbels  none.  Body  elongate,  eel-shaped. 
Margin  of  the  upper  jaw  fanned  in  the  middle  by  the  inter- 
maxillarieSy  and  laterally  by  the  maxUlaries.  Dorsal  fin  absent 
or  reduced  to  an  adipose  strip  ;  caudal  generally  absent,  the  tail 
terminating  in  a  point.  Anal  fin  exceedingly  long,  Ventrah 
none,  Eoctremity  of  the  taperin^f  tail  capable  of  being  repro- 
duced. Vent  situuted  at,  or  at  a  short  distance  behind,  the 
throat,  Humeral  arch  attached  to  the  skull.  Ribs  wdl  de- 
veloped. Gill-openings  rather  narrow.  Air-bladder  present, 
double.  Stomach  with  a  coscal  sac  and  pyloric  appendages. 
Ovaries  toith  oviducts. 

Eel-hke  freshwater  fishes  from  Tropical  America. 

Sternarchus. — Tail  tenninating  in  a  distinct  small  caudal 
fin.  Teeth  small.  A  rudimentary  dorsal  fin  is  indicated  by  an 
adipose  band  fitting  into  a  groove  on  the  back  of  the  tail ;  it  is 
easily  detached,  so  as  to  appear  as  a  thong-like  appendage  fixed 
in  front.     Branchiostegals  four. 

Eight  species,  some  have  the  snout  compressed  and  of 

moderate  length,  like  St,  Bonapartii  from  the  Eiver  Amazons ; 

others  have  it  produced  into  a  long  tube,  as  St.  oxyrhynchus 

from  the  Essequibo. 

Rhamphichthys. — Caudal  fin  none;  teeth  none;  no  trace 
of  a  dorsal  fin.     No  free  orbital  margin. 

Six  species,  of  which,  again,  some  have  a  tubiform  snout, 
whilst  in  the  others  it  is  short. 
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Sternopygus. — Caudal  fin  none ;  no  trace  of  a  dorsal  fin. 
Both  jaws  with  small  villiform  teeth ;  similar  teeth  on  each  side 
of  the  palate.     Body  scaly. 

Four  species,  very  common,  and  growing  to  a  length  of 

30  inches. 

Carapus. — Caudal  fin  none ;  no  trace  of  a  dorsal  fin.  A 
series  of  conical  teeth  in  each  jaw.  Anterior  nostrils,  wide  in 
the  upper  lip.     Body  scaly. 

One  species  {C.  fasciatus)  extremely  common,  and  found 

all  over  tropical  America,  east  of  the  Andes,  from  18  to  24 

inches  long. 

Gymnotxjs. — Caudal  and  dorsal  fins  absent ;  anal  extending 
to  the  end  of  the  tail.  Scales  none.  Teeth  conical,  in  a  single 
series.     Eyes  exceedingly  small. 

The  "  Electric  Eel "  is  the  most  powerful  of  electric  fishes, 
growing  to  a  length  of  six  feet,  and  extremely  abundant  in 
certain  localities  of  BrazU  and  the  Guyanas.  The  electric 
organ  consists  of  two  pairs  of  longitudinal  bodies,  situated 
immediately  below  the  skin,  above  the  muscles ;  one  pair  on 
the  back  of  the  tail,  and  the  other  pair  along  the  anal  fin. 
Each  fasciculus  is  composed  of  flat  partitions  or  septa,  with 
transverse  divisions  between  them.  The  outer  edge  of  the  septa 
appear  in  nearly  parallel  lines  in  the  direction  of  the  longitu- 
dinal axis  of  the  body,  and  consist  of  thin  membranes,  which 
are  easily  torn ;  they  serve  the  same  purpose  as  the  columns 
in  the  analogous  organ  of  the  Torpedo,  making  the  walls  or 
abutments  for  the  perpendicular  and  transverse  dissepiments, 
which  are  exceedingly  numerous,  and  so  closely  aggregated 
as  to  seem  almost  in  contact.  The  minute  prismatic  cells, 
intercepted  between  these  two  sorts  of  plates,  contain  a 
gelatinous  matter;  the  septa  are  about  one-thirtieth  of  an 
inch  from  each  other,  and  one  inch  in  length  contains  a  series 
of  240  cells,  giving  an  enormous  surface  to  the  electric  organs. 
The  whole  apparatus  is  supplied  with  more  than  200  nerves. 
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which  are  the  contmuations  of  the  rami  anteriores  of  the 
spinal  nerves.  In  their  conrse  they  give  out  branches  to  the 
muscles  of  the  back,  and  to  the  skin  of  the  animal.  In  the 
Gymnotus,  as  in  the  Torpedo,  the  nerves  supplying  the  electric 
organs  are  much  larger  than  those  bestowed  on  any  part  for 
the  purposes  of  sensation  or  movement 

The  graphic  description  by  Humboldt  of  the  capture  of 
Electric  Eels  by  horses  driven  into  the  water,  which  would 
receive  the  electric  discharges  and  thus  exhaust  the  fishes, 
seems  to  rest  either  on  the  imagination  of  some  person  who 
told  it  to  the  great  traveller  or  on  some  isolated  incident 
Secent  travellers  have  not  been  able  to  verify  it  even  in  the 
same  parts  of  the  country  where  the  practice  was  said  to 
exist 

Thirtieth  Family — Symbranchidjb. 

Body  elongate,  naked  or  covered  vnth  minute  scales  ;  barbels 
none.  Margin  of  the  upper  jaw  formed  by  the  intermaxillaries 
only,  the  loell  developed  m^usillaries  lying  behind  and  parallel 
to  them.  Paired  fins  nom.  Vertical  fins  rudimentary,  reduced 
to  more  or  less  distinct  cutaneous  folds.  Vent  situated  at  a 
great  distance  behind  the  head.  Bibs  present.  Gill-operUngs 
confiuent  into  one  slit  situated  on  the  ventral  surfoM.  Air- 
bladder  none.  Stomach  without  coscal  sac  or  pyloric  appeih 
dages.     Ovaries  with  oviducts. 

The  fishes  of  this  family  consist  of  freshwater-fishes  from 
tropical  America  and  Asia,  which,  however,  enter  also 
brackish  water ;  and  of  a  truly  marine  genus  from  Australia. 

Amphipnous. — ^Vent  in  the  posterior  half  of  the  body,  which 
is  covered  with  minute  scales  longitudinally  arranged. 

A  common  fish  {A.  cuchia)  in  Bengal,  remarkable  for  its 

singular  respiratory  apparatus.     It  has  only  three  branchial 

arches,  with  rudimentary  branchial  laminae,  and  with  veiy 

narrow  slits  between  the  arches.     To  supplement  this  is- 
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sufficient  respiratory  apparatus,  a  lung-like  sac  is  developed 
on  each  side  of  the  body  behind  the  head,  opening  between 
the  hyoid  and  first  branchial  arch.  The  interior  of  the  sac 
is  abundantly  provided  with  blood-vessels,  the  arterial  coming 
from  the  branchial  arteries,  whilst  those  issuing  from  it  imite 
to  form  the  aorta.  A,  mickia  approaches  the  Eels  in  having 
the  humeral  arch  not  attached  to  the  skidl. 

MoNOPTERUS. — Vent  in  the  posterior  half  of  the  body,  which 
is  naked.  Three  branchial  arches  with  rudimentary  gills,  but 
without  breathing  sac. 

One  species  (if.  javanicus)^  which  is  extremely  common 

in  the  East  Indian  Archipelago  and  in  the  eastern  parts  of 

the  Continent.     Upwards  of  three  feet  long. 

Stmbranchus. — ^Vent  in  the  posterior  half  of  the  body,  which 
is  naked.     Four  branchial  arches  with  well  developed  gills. 

Three  species,  of  which  one  {S.  Tnarmoratus)  is  extremely 

common  in  tropical  America,  and  the  other  (5^.  bengcUensis) 

not  less  so  in  the  East  Indies. 

Chilobranchus. — Vent  in  the  anterior  half  of  the  length  of 
the  body,  which  is  naked.  Vertical  fins  reduced  to  a  simple 
cutaneous  fold,  without  rays. 

A  small  fish  {Ch.  dorsalis)  from  North  "Western  Australia 

and  Tasmania. 

Thirty-First  Family — MuRiENiD^E. 

Body  elongate,  cylindi^al  or  hand-shaped,  naked  or  vrith 
rudimentary  scales.  Vent  situated  at  a  great  distance  from 
the  head.  Ventral  fins  Tume.  Vertical  fins,  if  present,  confiueniy 
or  separated  by  the  projecting  tip  of  the  tail.  Sides  of  the  upper 
jaw  formed  by  the  tooth-bearing  maxillaries,  the  fore  part  by 
the  intermaxillary,  \chich  is  more  or  less  coalescent  with  the 
vonur  and  ethmoid.  Humeral  arch  not  attached  to  the  skull. 
Stom^ach  ivith  a  blind  sac;  nx)  pyloric  appendages.  Organs  of 
reprodudion  without  efferejU  ducts. 


670  FISHES. 

The  "  Eels "  axe  spread  over  almost  all  fresh  waters  and 
seas  of  the  temperate  and  tropical  zones ;  some  descend  to 
the  greatest  depths  of  the  oceans.  The  young  of  some  have 
a  limited  pelagic  existence.  {Leptocqphali,  see  p.  179.)  At 
Monte  Bolca  fossil  remains  are  very  numerous,  belonging  to 
recent  genera,  Anguilla,  Sphagebranchus,  and  Ophichthys; 
even  larval  Leptocephales  have  been  preserved.  Anguilla 
has  been  foimd  also  in  the  chalk  of  Aix  and  Oeningen. 

In  the  majority  of  the  species  the  branchial  openings  in 
the  pharynx  are  wide  slits  (Murcenid^e platyschistcB) ;  in  others, 
the  true  Mursense,  {Murcenidce  mgyschistm)  they  are  narrow. 

Nemichthys. — Exceedingly  elongate,  band-shaped;  tail  taper- 
ing into  a  point.  Vent  approximate  to  the  pectorals,  but  the 
abdominal  cavity  extending  far  behind  the  vent  Jaws  produced 
into  a  long  slender  bill,  the  upper  part  being  formed  by  the 
vomer  and  intermaxillariea  The  inner  surface  of  the  bill 
covered  with  small  tooth-like  asperities.  Eye  large.  *  The  nostrils 
of  each  side  are  close  together,  in  a  hollow  before  the  eye.  Gill- 
openings  wide,  nearly  confluent  Pectoral  and  vertical  fins  well 
developed. 

This  very  singular  type  is  a  deep-sea  form,  occurring  at 
depths  of  from  500  to  2500  fathoms.  The  two  species  known 
have  hitherto  been  found  in  the  Atlantic  only. 

Cyema. — This  genus  combines  the  form  of  the  snout  of 
NemiclUhys^  with  the  soft  and  shorter  body  of  a  Leptocephalus  ; 
but  the  gill-openings  are  very  narrow  and  close  together  on  the 
abdominal  surface.  Vent  in  about  the  middle  of  the  length  of 
the  body ;  vertical  fins  well  developed,  confined  to,  and  sur- 
rounding, the  tail.  Pectoral  fins  well  developed.  Eye  very 
small. 

Known  from  two  specimens  only,  4J  inches  long,  dredged 

in   depths  of  1500  and  1800  fathoms  in  the  Pacific  and 

Antarctic  Oceans. 

Saccopharynx. — Deep-sea  Congers,  with  the  muscular  system 
very   feebly   developed,  with    the   bones  very   thin,   8oft>  and 
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wanting  in  inorganic  matter.  Head  and  gape  enormous.  Snout 
very  short,  pointed,  flexible,  like  an  appendage  overlapping  the 
gape.  Maxillary  and  mandibulary  bones  very  thin,  slender, 
arched,  armed  with  one  or  two  series  of  long,  slender,  curved, 
widely  set  teeth,  their  points  being  directed  inwards ;  palate 
toothless.  Gill-openings  wide,  at  some  distance  from  the  head, 
at  the  lower  part  of  the  sides ;  gills  very  narrow,  free,  and  ex- 
posed. Trunk  of  moderate  length.  Stomach  distensible  in  an 
extraordinary  degree.  Vent  at  the  end  of  the  trunk.  Tail  band- 
like, exceedingly  long,  tapering  in  a  very  fine  filament  Pectoral 
small,  present.     Dorsal  and  anal  fins  rudimentary. 

This  is  another  extraordinary  form  of  Deep-sea  Eels ;  the 
muscular  system,  except  on  the  head,  is  very  feebly  developed ; 
the  bones  are  as  thin,  soft,  and  wanting  in  inorganic  matter, 
as  in  the  Trachypteridoe,  This  fish  is  known  from  three 
specimens  only,  which  have  been  found  floating  on  the  sur- 
face of  the  North  Atlantic,  with  their  stomachs  much  dis- 
tended, having  swallowed  some  other  fish,  the  weight  of 
which  many  times  exceeded  that  of  their  destroyer.  It  attains 
to  the  length  of  several  feet. 

Synaphobranchus. — Gill-openings  ventral,  united  into  a 
longitudinal  slit  between  the  pectoral  fins,  separate  internally. 
Pectoral  and  vertical  fins  well  developed.  Nostrils  lateral,  the 
anterior  subtubular,  the  posterior  round,  before  the  lower  half 
of  the  eye.  Cleft  of  the  mouth  very  wide  ;  teeth  small ;  body 
scaly.     Stomach  very  distensible. 

Deep-sea  Congers,  with  well-developed  muscular  system, 

spread  over  all  oceans,  and  occurring  in  depths  of  from  345  to 

2000  fathoms.     Four  species  are  known.     Probably  attaining 

to  the  same  length  as  the  Conger. 

Anguilla. — Small  scales  imbedded  in  the  skin.  Upper  jaw 
not  projecting  beyond  the  lower.  Teeth  small,  forming  bands. 
Gill-openings  narrow,  at  the  base  of  the  pectoral  fins.  The  dorsal 
fin  commences  at  a  considerable  distance  from  the  occiput. 

Some  twenty-five  species  of  "  Eels  '*  are  known  from  the 

fresh  waters  and  coasts  of  the  temperate  and  tropical  zones ; 
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none  have  been  found  in  South  America  or  the  west  coast 
of  North  America  and  West  Afirica.  The  following  are  the  most 
note- worthy : — The  common  European  species  (A.  anguiUa)  is 
spread  over  Europe  to  64"*  30'  lat.  N.,  and  all  round  the 
Mediterranean  area,  but  is  not  found  either  in  the  Danube  or 
in  the  Black  and  Caspian  Seas ;  it  extends  across  the  Atlantic 
to  North  America.  The  form  of  the  snout  varies  much,  and 
some  naturaUsts  have  believed  that  specimens  with  a  broad 
and  obtuse  snout  were  specifically  distinct  from  those  with 
pointed  snout  However,  every  degree  of  breadth  of  the  snout 
may  be  observed ;  and  a  much  safer  way  of  recognizing  this 
species,  and  distinguishing  it  from  other  European  Eels,  is 
the  forward  position  of  the  dorsal  fin ;  the  distance  between 
the  commencement  of  the  dorsal  and  anal  fins  being  as  long 
as,  or  somewhat  longer  than,  the  head.  Eels  grow  generally 
to  a  length  of  about  three  feet,  but  the  capture  of  much 
larger  examples  is  on  record.  Their  mode  of  propagation  is 
still  unknown.  So  much  only  is  certain  that  they  do  not 
spawn  in  fresh  water,  that  many  full-grown  individuals,  but 
not  all,  descend  rivers  during  the  winter  months,  and  that 
some  of  them  at  least  must  spawn  in  brackish  water  or  in  deep 
water  in  the  sea ;  for  in  the  course  of  the  summer  young 
individuals  from  three  to  five  inches  long  ascend  rivers  in 
incredible  numbers,  overcoming  all  obstacles,  ascending  verti- 
cal walls  or  floodgates,  entering  every  larger  and  smaller 
tributary,  and  making  their  way  even  over  terra  firma  to  waters 
shut  off  from  all  communication  with  rivers.  Such  immigra- 
tions have  been  long  known  by  the  name  of  "  Ed-fairsT  The 
majority  of  the  Eels  which  migrate  to  the  sea  appear  to  return 
to  fresh  water,  but  not  in  a  body,  but  irregularly,  and  through- 
out the  warmer  part  of  the  year.  No  naturalist  has  ever 
observed  these  fishes  in  the  act  of  spawning,  or  found  mature 
ova;  and  the  organs  of  reproduction  of  individuals  caughf 
in.  fresh  water  are  so  little  developed  and  so  much  alike,  tha 
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the  female  organ  can  be  distinguished  from  the  male  only 
with  the  aid  of  a  microscope. 

The  second  species  found  in  Great  Britain,  on  the  coasts 
of  Europe  generally,  in  China,  New  Zealand,  and  the  West 
Indies,  is  (A.  latirostris)  the  "  Grig  "  or  "  Glut,"  which  prefers 
the  neighbourhood  of  the  sea  to  distant  inland-waters,  and 
in  which  the  dorsal  fin  begins  farther  backwards,  the  distance 
between  the  commencement  of  the  dorsal  and  anal  fins  being 
shorter  than  the  head ;  its  snout  seems  to  be  always  broad. 
On  the  American  side  of  the  Atlantic  other  species,  beside 
A,  anguilla  are  found  in  abundance :  A,  bodoniensis,  A.  texana. 
The  largest  Eels  occur  in  lakes  of  the  islands  of  the  Indo- 
Pacific,  and  they  play  a  conspicuous  part  in  the  mythology 
of  the  South-Sea  Islanders  and  Maories ;  individuals  of  from 
eight  to  ten  feet  in  length  have  been  seen,  and  referred  to  several 
species,  as  A.  mauritianay  Jidjiensis,  obscura,  aneitcnsisy  etc. 

Conger. — Scaleless.  Cleft  of  the  mouth  wide,  extending  at 
least  to  below  the  middle  of  the  eye.  Maxillary  and  mandibu- 
lary  teeth  arranged  in  series,  one  of  which  contains  teeth  of  equal 
size,  and  so  closely  set  as  to  form  a  cutting  edge.  No  canine 
teeth.  Vomerine  band  of  teeth  short.  Pectoral  and  vertical 
fins  well  developed,  the  dorsal  commencing  behind  the  root  of 
the  pectoral.  Gill-openings  large,  approximate  to  the  abdomen. 
The  posterior  nostril  opposite  to  the  upper  or  middle  part  of  the 
orbit,  the  anterior  in  a  tube.     Eyes  well  developed. 

The  "  Congers"  are  marine  Eels  ;  the  best  known  species 
{C.  conger)  seems  to  be  almost  cosmopolitan,  and  is  plentiful 
all  round  Europe,  at  St.  Helena,  in  Japan,  and  Tasmania.  It 
attains  to  a  length  of  eight  feet,  and  thrives  and  grows  rapidly 
even  in  confinement,  which  is  not  the  case  with  the  fresh- 
water EeL  Three  other  species  are  known,  of  which  C. 
marginoUus  from  the  Indian  Ocean,  is  the  most  common. 
Zeptocephalus  morrisvi  is  an  abnormal  larval  condition  of  the 
Conger. 

2x 
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-^Genera  allied  to  Ccmger  are  PoecUocanger,  Conffromurcena, 
Uroconger,  and  Heteroconger. 

MuRiENESOX.  —  Scaleless.  Snout  produced.  Jaws  with 
several  series  of  small  closely  set  teeth,  anteriorly  with  canines ; 
vomer  with  several  long  series  of  teeth,  the  middle  of  which  is 
formed  by  large  conical  or  compressed  teeth.  Gill-openings  wide, 
approximate  to  the  abdomen.  Pectoral  and  vertical  fins  well 
developed,  the  dorsal  beginning  above  the  gill-opening.  Two 
pairs  of  nostrils,  the  posterior  opposite  to  the  upper  part  or 
middle  of  the  eye. 

Four  species  from  tropical  seas,  M.  dnerevs  being  very 
common  in  the  Indian  Ocean,  and  attaining  to  a  length  of  six 
feet. 

Nettastoma. — Scaleless.  Snout  much  produced,  depressed. 
Jaws  and  vomer  with  bands  of  card-like  teeth,  those  along  the 
median  line  of  the  vomer  being  somewhat  the  larger.  Vertical 
fins  well  developed  ;  pectorals  none.  Gill-openings  of  moderate 
width,  open.  Nostrils  on  the  upper  surface  of  the  head,  valvular ; 
the  anterior  near  to  the  end  of  the  snout,  the  posterior  above 
the  anterior  angle  of  the  eye. 

This  genus  lives  at  some  depth,  the  Japanese  species 

(JV.  parviceps)  having  been  obtained   at  345   fathoms.    N. 

Todanurum  from  the  Mediterranean,  seems  to  inhabit  a  similar 

depth.     Hyoprotm  is  its  Leptocephalid  form. 

Genera  allied  to  Murcenesox  are  Saurenchdys,  Oxyconger, 
Hoplunnis,  and  Neocongcr;  in  all  these  the  nostrils  have  a 
superior  or  lateral  position.  In  other  genera  the  nostrils 
perforate  the  upper  lip,  as  in  Myrtis,  Myrophis,  ParamyruSy 
ChilorhinuSy  Murccnichthys,  and  Ophichthya,  the  last  genus 
deserving  of  particular  mention  on  account  of  its  great  range 
and  common  occurrence. 

Ophichthys. — Nostrils  labial;  extremity  of  the  tail  firee, 
not  surrounded  by  a  fin. 

More  than  eighty  species  are  known,  many  of  which  are 
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abundant  on  the  coasts  of  the  tropical  and  sub-tropical  zones. 
They  do  not  attain  to  a  large  size,  but  many  must  be  ex- 
tremely voracious  and  destructive  to  other  fishes,  if  we  draw 
an  inference  from  the  formidable  dentition  with  which  their 
jaws  and  palate  is  armed.  Other  species  have  much  more 
feeble,  and  some  even  obtuse  teeth,  better  adapted  for  seizing 
Crustaceans  than  vigorous  and  slippery  fishes.  Some  have 
rudimentary  pectoral  fins  or  lack  them  altogether.  Many 
are  highly  ornamented  with  bands  or  spots,  the  coloration 
being  apparently  very  constant  in  the  several  species. 


Fig.  808. — Ophichthys  crocodilinos,  from  the  Indo-Pacific 

MoRlNGUA. — Body  scaleless,  cylindrical,  with  the  trunk 
much  longer  than  the  tail.  Pectorals  none  or  small ;  vertical 
fins  but  Uttle  developed,  Umited  to  the  tail  Posterior  nostrils 
in  front  of  the  small  eye.  Cleft  of  the  mouth  narrow ;  teeth 
uniserial.  Heart  placed  far  behind  the  branchiaB.  Gill-openings 
rather  narrow,  inferior. 

Six  species  from   freshwaters,  brackish  water,  and  the 

coasts  of  India  to  the  Fiji  Islands. 

MuKiENA. — Scaleless.  Teeth  well  developed.  Gill-openings 
and  clefts  between  the  branchial  arches  narrow.  Pectoral  fins 
none ;  dorsal  and  anal  fins  well  developed.  Two  nostrils  on 
each  side  of  the  upper  surface  of  the  snout;  the  posterior  a 
narrow  round  foramen,  with  or  without  tube ;  the  anterior  in  a 
tube. 
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The  Muraenas  are  as  abundantly  represented  in  the 
tropical  and  sub-tropical  zones,  and  have  nearly  the  same 
range,  as  OjphicJUhys.  The  number  of  species  known  exceeds 
eighty.  The  majority  are  armed  with  formidable  pointed 
teeth,  well  suited  for  seizing  other  fish  on  which  they  prey. 
Large  specimens  thus  armed  readily  attack  persons  in  and 
out  of  the  water ;  and  as  some  species  attain  a  length  of  some 
six  or  eight  feet,  they  are  justly  feared  by  fishermen.  The 
minority  of  species  have  obtuse  and  molar-like  teeth,  their 
food  consisting  chiefly  of  Crustaceans  and  other  hard-shelled 


Fig.  304.— Head  of  a  Manena. 

animals.     Most  of  the  Muraenas  are  beautifully  coloured  and 


Fig.  S05. — Mursena  pavonina,  fh)m  Southern  Seas. 

spotted,  some  in  a  regular  and  constant  manner,  whilst  in 
others  the  pattern  varies  in  a  most  irregular  fashion:  they 
have  quite,  the  appearance  of  snakes.     The  MuKena  of  the 
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Ancient  Bomans  is  Murama  luUna,  wMch  is  not  confined  to 
the  Mediterranean,  bat  also  found  in  the  Indian  Ocean  and 
on  the  coast  of  Australia.  Its  skin  is  of  a  rich  brown,  beauti- 
fully marked  with  large  yellowish  spots,  each  of  which  con- 
tuns  smaller  brown  spots. 


Pig.  806.— Unnena  ptcta,  from  the  tDdo-PadOc 

Gptinomurama  differs  from  Murcena  in  having  the  fins 
reduced  to  a  short  rudiment  near  the  end  of  the  taU.     Six 


Fig.  807. — GymaoQuinBiia  vitUta,  from  Cab*. 

Species  are  known  growing  to  a  length  of  eight  feet. 

MyrocoTiger  and  Eachdycore  belong  to  the  same  sub-family 
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as  Murama,  but  the  former  is  provided  ^th  pectoral  fins,  and 
in  the  latter  the  posterior  nostril  is  a  long  slit,  and  not  roond 
as  in  the  other  genera. 

FIFTH  ORDER— LOPHOBRANCHIL 

The  gills  are  nol  laminated,  hui  composed  of  small  rounded 
lobes  attacked  to  the  branchial  arches.    GiU-cover  reduced  la  a 


Fig.  SOS.— Oills  of  Hippoeunpoi  kbdomiiulu. 

largt  simple  plate.  Air-bladder  simple,  tciikout  pneumaiie 
duct.  A  dermal  skeleton  composed  of  numerous  pieces  arranged 
in  segments,  replaces  more  or  less  sofl,  integuments.  Afusadar 
system  not  mueh  developed.  Snout  proUynged.  Mouth  terminal, 
small,  toothless,  formed  as  in  Acanthoplerygians. 


FiBST  Family — Solenostouid.£. 

GUI-openings  vnde.  Two  dorsal  fins,  the  rags  of  the  anterior 
not  artitulated.     AH  the  other  fins  well  developed. 

One  living  genus  only  is  known,  which  was  preceded  in 
the  tertiary  epoch  by  Solenorhgnchus  (Monte  Postale), 

SoLENOOTOHA. — Snout  produced  into  a  long  tube.  Body 
compressed,  with  very  short  taih  All  parts  covered  wiUi  thin 
skin,  below  which  there  is  a  dermal  skeleton  formed  by  Ur^ 
star-like  ossifications.  The  soft  dorsal  and  anal  fins  on  elevated 
bases;  caudal  fin  long.     Ventral  fins  inserted  opposite  to  the 
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anterior  dorsal,  close  together,  seven-rayed ;  they  are  free  in  the 
male,  but  in  the  female  their  inner  side  coalesces  with  the  in- 
teguments of  the  body,  a  large  pouch  for  the  reception  of  the 
eggs  being  formed  thereby.  Air-bladder  and  pseudobranchiae 
absent  Branchiostegals  four,  very  thin.  Intestinal  tract  very 
simple,  with  a  stomachic  dilatation,  without  pyloric  appendages. 
Ova  very  small 

The  dermal  skeleton  of  this  singular  type  is  formed  by 
star-like  ossifications,  four  in  each  horizontal  and  vertical 
series  on  the  side  of  the  fore  part  of  the  trunk ;  each  consists 
of  four  or  three  radiating  branches  by  which  it  joins  the 
neighbouring  bones ;  on  the  hind  part  of  the  trunk  and  tail 
the  series  are  diminished  to  two.  The  dorsal  and  abdominal 
profiles  in  front  of  the  fins  are  protected  by  similar  bones. 
The  vertebral  column  is  composed  of  eighteen  abdominal  and 
fifteen  caudal  vertebrae,  the  vertebrae  gradually  decreasing  in 
length  backwards,  so  that  the  shortness  of  the  tail  is  caused 
not  only  by  the  smaller  number  of  vertebrae,  but  also  by 
their  much  lesser  length.  Neural  and  haemal  spines  are 
developed.  The  pelvis  consists  of  two  pairs  of  cartilaginous 
laminae,  the  convex  margin  of  the  anterior  fitting  into  an 
angle  of  a  dermal  bone  which  separates  the  pelvis  from  the 
well-ossified  humeral  arch. 

The  singular  provision  for  the  retention  and  protection 
of  the  eggs  has  been  described  above  (p.  162,  figs.  73  and  74), 
and  we  have  only  to  repeat  here  that  it  is  the  female  which 
takes  care  of  the  progeny,  and  not  the  male  as  in  the  follow- 
ing family.  Two  or  three  small  species  are  known  from  the 
Indian  Ocean;  they  are  beautifully  marked,  especially  the 
male,  which  also  appears  to  be  of  smaller  size  in  this  genus 
than  the  female. 

Second  Family — SYNGNATHiDiE. 

GUI-openings  reduced  to  a  very  small  opening  near  the 
upper  posterior  angle  of  the  gill-cover.     One  soft  dorsal  fin;  no 
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ventrak,  aivd,  sometimes,  one  or  more  of  the  other  fins  are  also 
absent. 

Small  marine  fishes,  which  are  abundant  on  such  parts  of 
the  coasts  of  the  tropical  and  temperate  zones  as  oflFer  by 
their  vegetation  shelter  to  these  defenceless  creatures.  They 
are  bad  swimmers  (the  dorsal  fin  being  the  principal  organ 
of  locomotion),  and  frequently  and  resistlessly  carried  by  cur- 
rents into  the  open  ocean  or  to  distant  coasts.  AU  enter 
brackish  water,  some  fresh  water.  The  strata  of  Monte  Bolca 
and  Licata  (SicUy)  have  yielded  evidence  of  their  existence 
in  the  tertiary  epochs;  beside  species  of  Siphonostoma  and 
Si/nffnathus  (Pseudosyngnathus),  remains  of  an  extinct  genus, 
Calam/)stoma,  allied  to  ffippoeamptis,  but  with  a  distinct 
caudal  fin,  have  been  found.  On  their  propagation  see 
p.  163,  Fig.  16. 

A.  Syngnathina. — ^The  tail  is  not  prehensile,  and  generally 
provided  with  a  caudal  fin. — Pipe-Fishes, 

Siphonostoma. — ^Body  with  distinct  ridges,  the  upper  caudal 
ridge  continuous  with  the  lateral  line,  but  not  with  the  dorsal 
ridge  of  the  trunk.  Pectoral  and  caudal  fins  well  developed ; 
dorsal  fin  of  moderate  length,  opposite  to  the  vent  Humeral 
bones  movable,  not  united  into  a  "  breast-ring."  Males  with 
an  egg-pouch  on  the  tail,  the  eggs  being  covered  by  cutaneous 
folds. 

Two  species,  of  which  S.  typhle  is  conmion  on  the  British, 

and  generally  distributed  on  the  European  coasts. 

Syngnathus. — Body  with  the  ridges  more  or  less  distinct, 
the  dorsal  ridge  of  the  trunk  not  being  continuous  with  that  of 
the  tail.  Pectoral  fins  well  developed  ;  caudal  present  Dorsal 
fin  opposite  or  near  to  the  vent.  Humeral  bones  firmly  united 
into  the  breast-ring.     £gg-pouch  as  in  Siphonostoma. 

The  distribution  of  this  genus  nearly  coincides  with  that 

of  the  family,  some  fifty  species  being  known.     S.  acus,  the 

great  Pipe-fish  (see  Fig.  75,  p.  163),  is  one  of  the  most 

common  European  fishes,  extending  across  the  Atlantic  and 
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southwards  tx)  the  Cape  of  Good  Hope ;  it  attains  a  length  of 
18  inches.  Another  very  common  species,  frequently  met  at 
sea,  and  spread  over  nearly  all  the  tropical  and  sub-tropical 
seas,  is  S.  pelagicuSy  agreeably  marked  with  alternate  brown 
and  silvery  cross-bars. 

DORYICHTHYS. — Body  with  the  ridges  well  developed.  Pec- 
toral and  caudal  fins  present.  Dorsal  fin  long  or  of  moderate 
length,  opposite  to  the  vent.  Humeral  bones  firmly  united. 
Males  with  the  lower  ridges  of  the  abdomen  dilated,  the  dilated 
parts  forming  a  broad  groove  for  the  reception  of  the  ova. 

In  these  Pipe-fishes  the  ova  are  not  received  in  a  com- 
pletely closed  pouch,  but  glued  on  to  the  surface  of  the 
abdomen.     Twenty  species  from  tropical  seas. 

Nerophis. — ^Body  smooth,  rounded,  with  scarcely  any  of  the 
ridges  distinct.  Pectoral  fin  none,  caudal  absent  or  rudimentary, 
the  tail  tapering  into  a  point.  Dorsal  fin  of  moderate  length, 
opposite  to  the  vent  The  ova  are  attached  to  the  soft  integu- 
ment of  the  abdomen  of  the  male,  and  are  not  covered  by  lateral 
folds  of  the  skin. 

Seven  species  from  the  European  seas  and  the  Atlantic. 

N.  cequorevs  (Ocean  Pipe-fish),  N.  ophidion  (Straight-nosed 

Pipe-fish),  and  iV.  lumbriciformis  (Little  Pipe-fish),  are  common 

on  the  British  coasts. 

Protocampus. — ^The  whole  dermal  skeleton  is  covered  with 
skin.  A  broad  cutaneous  fold  runs  along  the  back  in  front  and 
behind  the  dorsal ;  a  similar  fold  along  the  abdomen.  Pectoral 
fin  none ;  caudal  very  smalL 

The  single  species  of  this  remarkable  genus,  P,  hymeno- 
lomus,  occurs  in  the  Falkland  Islands.  It  may  be  regarded 
as  an  embryonal  form  of  Nerophis^  the  median  skin-folds  being 
evidently  remains  of  the  fringe  which  surrounds  the  body  of 
the  embryo. 

The  other  genera  belonging  to  this  group  are,  Ichthyo- 
campus,  NannocampuSf  Urocampvs,  LeptoicfUhys,  CoelonotuSy 
and  StigmcUqphora. 
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HiPPOCAHPiHA. — The  tail  is  prehensile,  and  invariably  with- 
out caudal  fin. — Sea-horMs. 

GabtrotoeSUS. — Body  depressed,  the  lateral  line  ninniDg 
along  the  margin  of  the  abdomen.  Shields  smooth.  Tail 
shorter  than  the  body.  Pectoral  fins.  No  pouch  is  developed 
for  the  ova,  which  are  imbedded  in  the  soft  integument  of  the 
abdomen  of  the  mole. 

OastTotokeus  hiactUuUus,  very  common  in  the  Indian 
Ocean  to  the  coasts  of  Australia. 

SOLBNOONATHUS. — Body  compressed,  deeper  than  broad. 
Shields  hard,  rugose,  with  round  or  oval  interannular  plates; 
and  without  elongate  proceseea.  Tail  shorter  than  the  body. 
Pectoral  fins. 

Three  species,  &om  the  Chinese  and  Australian  Seas; 
they  are  the  largest  of  Lophobranchs,  S.  hardwickii,  attaining 
to  a  length  of  nearly  two  feet. 

Phtlloptertx. — Body  compressed,  or  as  broad  as  deep^ 
Shields  smooth,  but  some  or  all  of  them  are  provided  with  pro- 


Fig.  308.— PhyllopUryi  eqnea. 

minent  spiues  or  processes  on  the  edges  of  the  body  ;  some  of 
the  processes  with  cutaneous  filaments.  A  pair  of  spines  on  the 
upper  side  of  the  snout  and  above  the  orbit.  Tail  about  as  long 
as  the  body.     Pectoral  fins.     The  ova  are  imbedded  in  soft  mem- 
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brane  on  the  lower  side  of  the  tail,  without  a  pouch  being 
developed. 

Three  species  from  the  coasts  of  Australia.  The  protective 
resemblances  with  which  many  Lophobranchs  are  furnished, 
attain  to  the  highest  degree  of  development  in  the  fishes  of 
this  genus.  Not  only  their  colour  closely  assimilates  that 
of  the  particular  kind  of  seaweed  which  they  frequent,  but 
the  appendages  of  their  spines  seem  to  be  merely  part  of  the 
fucus  to  which  they  are  attached.  They  attain  a  length  of 
12  inches. 

Hippocampus. — ^Trunk  compressed,  more  or  less  elevated. 
Shields  with  more  or  less  prominent  tubercles  or  spines.  Occiput 
compressed  into  a  crest,  terminating  at  its  supero-posterior  comer 
in  a  prominent  knob  (coronet).  Pectoral  fins.  The  males  carry 
the  eggs  in  a  sac  at  the  base  of  the  tail,  opening  near  the  vent 

A  singular  resemblance  of  the  head  and  fore  part  of  the 

body  to  that  of  a  horse,  has  given  to  these  fishes  the  name  of 

"Sea-horses."      They  are  abundant  between  and  near  the 

tropics,  becoming  scarcer  in  higher  latitudes.     Some  twenty 

species  are  known,  some  of  which  have  a  wide  geographical 

range,  as  they  are  often  carried  to  great  distances  with  floating 

objects  to  which  they  happen  to  be  attached. — Acentronura 

is  a  genus  closely  allied  to  Hippocampus. 

SIXTH  ORDERn-PLECTOGNATHI. 

Teleosteous  fishes  with  rmigh  scales,  or  vnth  ossifications  of 
the  cutis  in  the  form  of  scutes  or  spines  ;  skin  sometime  entirely 
naked.  Skeleton  incompletely  ossified^  with  the  vertebrce  in 
small  number.  Gills  pectinate  ;  a  narrow  gill-opening  infrorU 
of  the  pectoral  fins.  Mouth  narrow  ;  the  hones  of  the  upper 
jaw  generally  firmly  united,  A  soft  dorsal  fin,  belonging  to  the 
caudal  portion  of  tlie  vertebral  column,  opposite  to  the  anal ; 
som^imes  elements  of  a  spinous  dorsal  besides.  Ventral  fin 
none,  or  reduced  to  spines.    Air-bladder  without  pneumatic  dtu^i. 
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FiBST  Family — Scleroderml 

Srumt  somewhat  prodtieed  ;  jaws  armed  vnih  distinct  teeth 
in  small  number.  Skin  with  scutes  or  rough.  The  elements  of 
a  spinous  dorsal  and  ventral  fins  generally  present. 

Marine  fishes  of  moderate  or  small  size,  very  common  in 
the  tropical  zone,  but  scarcer  in  higher  latitudes.  They  have 
been  found  in  three  localities  of  tertiary  strata,  viz.,  at  Monte 
Bolca,  where  a  species  of  Ostra/non  occurs,  and  in  the  Schists 
of  Glaris,  from  which  two  genera  have  been  described,  Acan- 
thoderma  and  Acanthopleurus,  closely  allied  to  Balistes  and 
Triacanthus.  Olyptocephalus  from  the  Isle  of  Sheppey  has 
the  skull  of  a  Balistes,  but  its  body  is  covered  with  tuber- 
cles arranged  in  regular  series.  The  Scleroderms  may  be 
divided  into  three  very  natural  groups : — 

A.  Triacanthina. — The  skin  is  covered  with  small,  rough, 
scalelike  scutes.  A  spinous  dorsal  fin  with  from  four  to  six 
spines.  A  pair  of  strong,  movable  ventral  spines,  joined  to  the 
pelvic  bone. 

To  this  group  belong  the  genera  Triacanthodes,  ffollardia, 
and  Triacanthtcs,  represented  by  five  species,  of  which  Tria- 
canthus brevirostris  from  the  Indian  Ocean  is  the  most 
common. 

B.  Balistina.  —  Body  compressed,  covered  with  movable 
scutes  or  rougL  Spinous  dorsal  reduced  to  one,  two,  or  three 
spines.  Ventral  fins  reduced  to  a  single  pelvic  prominence,  or 
entirely  absent 

To  this  group  belong  the  genera  Balistes,  Monaeanthus, 
and  Anacanlhus,  the  last  genus  being  distinguished  by  a  bar- 
bel at  the  lower  jaw. 

Balistes,  or  the  "  File-fishes  "  proper,  inhabit  the  tropical 
and  sub-tropical  seas ;  shoals  of  young  are  not  rarely  met  with 
in  mid-ocean.  Some  thirty  species  are  known,  many  attaining 
a  length  exceeding  two  feet;  but  the  majority  are  much 


smaller,  and  frequently  beautifully  and  symmetrically  marked. 
Both  jaws  are  armed  with  eight  strong  incisor-like  and 
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obliquely  truncated  teeth,  by  which  these  fishes  are  enabled 
to  break  off  pieces  of  corals  on  which  they  feed,  or  to  chisel 
a  hole  into  the  hard  shell  of  Mollusca,  in  order  to  extract  the 
soft  parte.  They  destroy  an  immense  number  of  Mollusks, 
thus  becoming  most  injurious  to  the  pearl-fisheries.  The  first 
of  their  three  dorsal  spines  is  very  strong,  roughened  in  front 
like  a  file,  and  hollowed  out  behind  to  receive  the  second 
much  smaller  spine,  which,  besides,  has  a  projection  in  front, 
at  its  base,  fitting  into  a  notch  of  the  first.  Thus  these  two 
spines  can  only  be  raised  or  depressed  simultaneously,  and 
the  first  cannot  be  forced  down,  unless  the  second  has  been 
previously  depressed.  The  latter  has  been  compared  to  a 
tri^er,  hence  a  second  name,  "  Trigger-fish,"  has  been  given 
to  these  fishes.  Some  species  are  armed  with  a  series  of  short 
spines  or  tubercles  on  each  side  of  the  tail.  Two  species  (B. 
Ttiaculatus  and  B.  capriscus),  common  in  the  Atlantic,  some- 
times wander  to  the  British  coasts. 

The  Monacanthua  are  similarly  distributed  as  the  Balistes, 
and  still  more  abundant,  some  fifty  species  being  known. 
Their  dentition  is  very  similar,  but  they  possess  one  dorsal 
spine  only,  and  their  rough  scales  are  so  small  as  to  give  a 
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TelretT  appearance  to  the  skm  (Tigs.  IT  and  18,  pu  48).  Adult 
males  of  some  of  the  species  possess  a  peculiar  annatme  on 
each  side  of  the  taQ,  which  in  females  is  mnch  less  developed 
or  entirelT  absent.  This  annatme  mar  consist  either  in 
simple  spines  arraz^ed  in  rows,  or  in  the  derelopment  of  the 
minute  spines  of  the  scales  into  lc»ig  stiff  bristles,  so  that  the 
patch  on  each  side  ci  the  tail  looks  like  a  brash. 

C.  OsTRACWXTTSA. — ^The  iDtegmnentB  of  the  bodjform  a  haid 
continaoos  canpaee,  consisting  of  hexagcmal  scotes  joxtapoeed 
in  mosaic4ashi<HL  A  q»noos  di»sal  and  renind  fins  are  absent; 
but  sometimes  indicated  bj  pTotabenaice& 

The  "Coffer-fishes"  (Ostraeicn)  are  too  well  known  to 

require  a  lengthened  description.    Onlj  the  snont,  the  bases 

of  the  fins,  and  the  hind  part  of  the  tail  are  covered  with  soft 

skin,  so  as  to  admit  of  free  action  of  the  mnsdes  moving  these 

part&    The  month  is  small,  the  maxillaTy  and  intermaxillaiy 

bones  coalescent,  each  jaw  being  armed  with  a  single  series 

of  small  slender  teeth.    The  short  dorsal  fin  is  opposite  to  the 

equally  short  anaL    The  vertebral  column  consists  of  fourteen 

vertebrae  only,  of  which  the  five  last  are  extremely  short,  the 

anterior  elongate.    Sibs  none.    The  carapaces  of  some  species 

are  three-ridged,   of  others  four-   and  five-ridged,  of  some 

provided  with  long  spines.    Twenty-two  species  from  tropical 

and  sub-tropi«d  seas  are  known. 

Second  Family — Gymxodoxtes. 

Bodif  more  or  less  shortened.  The  bones  of  the  upper  and 
lovrer  jaw  are  confluent ,  forming  a  leak  with  a  trenchant  edge, 
vrithotU  teeth,  uith  or  without  median  suture.  A  soft  dorsal, 
caudal  and  anal  are  developed,  approximate.  3o  spinous 
dorsal.     Pectoral  fins  ;  no  rentrals. 

^Marine  fishes  of  moderate  or  small  size  from  tropical  and 
sub-tropical  seas.  A  few  species  live  in  fresh  water.  Fossil 
remains  of  IHodon  are  not  scarce  at  Monte  Bolca  and  Licata ; 
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a  distinct  genus,  EnneodoUy  has  been  described  from  Monte 
Postale.     The  Gymnodont^  may  be  divided  into  three  groups: 

A.  Triodontina. — Tail  rather  long,  with  a  separate  caudal 
fin.  Abdomen  dilatable  into  a  very  large,  compressed,  pendent 
sac,  the  lower  part  of  which  is  merely  a  flap  of  skin,  into  which 
the  air  does  not  penetrate,  the  sac  being  capable  of  being  ex- 
panded by  the  very  long  pelvic  bone.  The  upper  jaw  divided  by 
a  median  suture,  the  lower  simple. 

A  single  genus  and  species  (Triodon  hur sarins)  from  the 
Indian  Ocean. 

B.  Tetrodontina. — ^Tail  and  caudal  fin  distinct  Part  of  the 
oesophagus  much  distensible,  and  capable  of  being  filled  with  air. 
No  pelvic  bone. 

"  Globe-fishes  "  have  a  short,  thick,  cylindrical  body,  with 
well  developed  fins.  It  is  covered  with  thick  scaleless  skin, 
in  which,  however,  spines  are  imbedded  of  various  sizes.  The 
spines  are  very  small,  and  but  partially  distributed  over  the 
body  in  some  species,  whilst  in  others  they  are  very  large, 
and  occupy  equally  every  part  of  the  body.  These  fishes 
have  the  power  of  inflating  their  body  by  filling  their  disten- 
sible oesophagus  with  air,  and  thus  assume  a  more  or  less 
globular  form.  The  skin  is,  then,  stretched  to  its  utmost  extent, 
and  the  spines  protrude  and  form  a  more  or  less  formidable 
defensive  armour,  as  in  a  hedgehog ;  therefore  they  are  fre- 
quently called  "  Sea-hedgehogs.'*  A  fish  thus  blown  out  turns 
over  and  floats  belly  upwards,  driving  before  the  wind  and 
waves.  However,  it  is  probable  that  the  spines  are  a  protec- 
tion not  only  when  the  fish  is  on  the  surface  and  able  to  take 
in  air,  but  also  when  it  is  under  water.  Some  Diodonts, 
at  any  rate,  are  able  to  erect  the  spines  about  the  head  by 
means  of  cutaneous  muscles ;  and,  perhaps,  all  fill  their 
stomach  with  water  instead  of  air,  for  the  same  purpose  and 
with  the  same  effect.  In  some  Diodonts  the  spines  are  fixed, 
erect,  not  movable.     The  Gynmodonts  generally,  when  taken. 


produce  a  sound,  doubtless  by  the  expulsion  of  air  &om  the 
cesophE^s.  Their  vertebral  columa  consists  of  a  small  number 
of  vertebne,  from  20  to  29,  and  their  spinal  chord  is  extremely 
short  All  these  fishes  have  a  bad  reputation,  and  they  are 
never  eateu ;  indeed,  some  of  them  are  highly  poisonous,  and 
have  caused  long  continued  illness  and  death.  Singularly, 
the  poisonous  properties  of  these  fishes  vary  much  as  regards 
intensity,  only  certain  individuals  of  a  species,  or  indinduals 
from  a  certain  locality,  or  caught  at  a  certain  time  of  the  year, 
being  dangerous.  Therefore  it  is  probable  that  they  acqniie 
tiieii  poisonous  quality  from  their  food,  which  consists  in 
corals  and  hard-shelled  Mollusks  and  Crustaceans,  Their 
sharp  beaks,  with  broad  masticating  posterior  surface,  are 
admirably  adapted  for  breaking  off  branchlete  of  coral-stocks, 
and  for  crushing  hard  substances. 

TcraoDON  (including  XmapUna). — Both  the  upper  and  lower 
jaws  are  divided  into  two  by  a  mesial  suture. 

Extremely  numerous  in  tropical  and  sub- 
tropical zones,  more  than  sixty  species  being 
known.     In  some  of  the  species  the  dermal 
'  spines  are  extremely  small,  and  may  be  absent 
altogether.     Many  are  highly  ornamented  with 
spots  or  bands.     A  few  species  live  in  large 
Ftg.  Sll.— Jaws    rivers  —  thus   T.  pgitiacus   from    Brazil;   T. 
of  Tetrodon.      fahaka,  a  fish  well  known  to  travellers  on  the 
Nile,  and  likewise  abundant  in  West  African  rivers;  T.fiuvi- 


Fig.  312:— Tetrodon  margariutiu. 
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alUia  from  brackish  water  and  rivers  of  the  East  Indies.  The 
species  figured  is  one  of  the  smallest,  about  six  inches  long, 
and  common  in  the  Indo-Facific. 

DiODON. — Jaws  without  mesial  suture,  so  that  there  is  only 
one  undivided  dental  plate  above  and  one  below. 

In  these  fishes,  as  well  as  in  some  closely  allied  genera,  the 
dermal  spines  are  much  more  developed  than  in  the  Tetro- 
donts ;  in  some  the  spines  are  erectile,  bs  in  Diodon,  Atopo- 
mycierus,  Trichodiodon,  and  Trkhocydua ;  in  others  they  are 
stiff  and  immovable,  as  in  Chilomyderus  and  Dicotylichthys. 
Seventeen  species  are  known,  of  which  Diodon  hystrix  is  the 
most  common  as  it  is  the  lai^est,  growing  to  a  length  of  two 
feet.     It  is  spread  over  the  Tropical  Atlantic  as  well  as  Indo- 


Fig.  313.— Diodon  mncuUtna. 

Pacific,  as  is  also  a  smaller,  but  almost  ei^ually  common 
species,  Diodon  maculalvs. 


Eig.  314. — Diodon  macnlstui,  inflktsd. 

2y 
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C.  Molina. — ^Body  compressed,  very  short ;  tail  extremely 
short,  truncate.     Vertical  fins  confluent.     No  pelvic  bone. 

The  "  Sun-fishes  "  {OrtJuigoriscus)  are  pelagic  fishes,  found 
in  every  part  of  the  oceans  within  the  tropical  and  temperate 
zones.  The  singular  shape  of  their  body  and  the  remarkable 
changes  which  they  undergo  with  age,  have  been  noticed 
above  (p.  iVo,  Figs.  93, 94).  Their  jaws  are  undivided  in  the 
middle,  comparatively  feeble,  but  well  adapted  for  masticating 
their  food,  which  consist^  of  small  pelagic  Crustaceans.  Two 
flpecies  are  known.  The  common  Sun-fish,  0.  mola,  which 
attains  to  a  very  large  size,  measuring  seven  or  eight  feet,  and 
weighing  as  many  hundredweights.  It  has  a  rough,  minutely 
granulated  skin.  It  frequently  approaches  the  southern  coasts 
of  England  and  the  coasts  of  Ireland,  and  is  seen  basking  in 
calm  weather  on  the  surface.  The  second  species,  0.  truncatus, 
is  distinguished  by  its  smooth,  tessellated  skin,  and  one  of 
the  scarcest  fishes  in  collections.  The  shortness  of  the  ver- 
tebral column  of  the  Sun-fishes,  in  which  the  number  of 
caudal  vertebrae  is  reduced  to  seven,  the  total  number  being 
seventeen,  and  the  still  more  reduced  length  of  the  spinal  chord 
have  been  noticed  abovQ  (p.  96). 


THIRD  SUB-CLASS— CYCLOSTOMATA. 

Skeleton  cartilaginous  and  notochordai,  without  ribs  and 
without  real  jaws.  Skull  not  separate  from  the  vertebral  column. 
No  limbs.  Gills  in  the  form  of  fixed  sacs,  without  branchial 
archeSy  six  or  seven  in  number  on  each  side.  One  nasal  aperture 
only.  Heart  vnthout  bulbus  arteriosus.  Mouth  anterior,  sur- 
rounded by  a  circular  or  sub-circular  lip,  suctorial.  Alimentary 
canal  straight,  simple,  without  coecal  appendages,  pancreas  or 
spleen.     Generative  oullet  peritoneal.     Vertical  fins  rayed. 

The  Cyclostomes  are  most  probably  a  very  ancient  type. 
Unfortunately  the  organs  of  these  creatures  are  too  soft  to  be 
preserved,  with  the  exception  of  the  horny  denticles  with 
which  the  mouth  of  some  of  them  is  armed.  And,  indeed, 
dental-  plates,  which  are  very  similar  to  those  of  Myxine,  are 
not  uncommon  in  certain  strata  of  Devonian  and  Silurian 
age  (see  p.  193).  The  fishes  belonging  to  this  sub-class  may 
be  divided  into  two  families — 

First  Family — Petrgmyzontid^ 

Body  eel-shaped,  naked.  Svhject  to  a  metamorphosis;  in 
the  perfect  stage  vjith  a  suctorial  mouth  armed  with  teeth, 
simple  or  multicuspid,  homy,  sitting  on  a  soft  papilla.  Maxil- 
lary, mandibulary,  lingual,  and  suctorial  teeth  may  be  dis- 
tinguished. Eyes  present  (in  mature  animus).  External  nasal 
aperture  in  the  middle  of  the  upper  side  of  the  head.  The  nasal 
dv/it  terminates  withovl  perforating  the  palate.   Seven  branchial 
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sacs  and  apertures  on  each  side  behind  the  head;  the  inner 
hranehial  ducts  terminate  in  a  separate  common  tvhe.  Intestine 
loith  a  ^ral  valve.  Eggs  small.  The  larvcs  tvithout  teeth, 
artd  with  a  single  amtinuous  vertical  fin. 

"  LampreyB  "  are  found  in  the  rivers  and  on  the  coaats  of 
the  temperate  regions  of  the  northern  and  southern  hemi- 
spheres. Their  habits  are  but  incompletely  known,  hut  so 
much  is  certain  that  at  least  some  of  them  ascend  rivets 
periodically  for  the  purpose  of  spawning,  and  that  tiie  young 
pas8  several  years  in  rivers,  whilst  they  undergo  a  metamor- 
phosis {see  p.  170).  They  feed  on  other  fishes,  to  which  they 
suck  themselves  fast,  scraping  off  the  flesh  with  their  teeth. 
Whilst  thus  engaged  they  are  carried  about  by  their  victim ; 
Salmon  have  been  captured  in  the  middle  course  of  the 
Rhine  with  the  Marine  Lamprey  attached  to  them. 


T]g,  315. — Mouth  of  Larrs  of       Fig.  S16. — Mouth  of  Petromyzon  SDviatilii. 

Futroinyzon  braachialia.  tnz,  Maiillary  tooth  ;   md,  Mandibaliry 

tooth ;  I,  Lingnut  tooth  ;  a,  Suctoriil  teeth. 

Petkomyzon. — Dorsal  fins  two,  the  posterior  continuous  with 
the  caudal.  The  maxillary  dentition  consists  of  two  teeth  phiced 
close  together,  or  of  a  transverse  bicuspid  ridge ;  lingual  teeth 
serrated. 

The  Lampreys  belonging  to  this  genus  are  found  in  the 
northern  hemisphere  only ;  the  British  species  are  the  Sea- 
Lamprey  {F.  marinus),  exceeding  a  length  of  three  feet,  and 
not  uncommon  on  the  European  and  North  AmericaQ  coasts ; 
the  River-Lamprey  or  Lampem  (P.  fiuvialUis),  ascending  in 
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large  nmnbera  the  rivera  of  Europe,  North  America,  and 
Japan,  and  scarcely  attaining  a  length  of  two  feet;  the 
"  Pride  "  or  "  Sand-Piper  "  or  Small  Lampem  (P.  hranchialis), 
scarcely  twelve  inches  long,  the  larva  of  which  has  been  long 
known  under  the  name  of  Ammocoetes. 

Ichthyomyzon  from  the  western  coasts  of  North  America 
is  said  to  have  a  tricuspid  maxillary  tooth. 

MORDACIA. — Dorsal  fins  two,  the  posterior  continuous  .with 
the  caudal.  The  maxillary  dentition  consists  of  two  triangular 
groups,  each  with  three  conical  acute  cusps ;  two  pairs  of  serrated 
hngoal  teeth. 

A  lamprey  {M.  mardax)  from  the  coasts  of  Chile  and 


Fig.  317. — Month  of  Mordacia  murdax,  dosed  and  opened. 

Tasmania.    This  fish  seems  to  be  provided  sometimes  with  a 
gular  sac,  like  the  following.' 


Fig.  31S. — Hordacin  monUx. 

Geotrll — Dorsal  fins  two,  the  posterior  separate  Jrom  the 

'  Tig.  31 7  is  taken  from  a  specimen  in  which  the  horny  coreri  of  the 
dentition  were  lost,  hence  it  does  not  represent  accnratelj  the  shape  of  the 
teeth. 
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caudal.    Maxillary  lamina  with  four  sharp  flat  lobes ;  a  pair  of 
long  pointed  lingual  teeth. 

Two  species,  one  from  Chile  and  one  from  South  Australia. 
They  grow  to  a  length  of  two  feet,  and  in  some  specimens 
the  skin  of  the  throat  is  much  expanded,  forming  a  large 
pouch.  Its  physiological  function  is  not  known.  TBe  cavity 
is  in  the  subcutaneous  cellular  tissue,  and  does  not  com- 
municate with  the  buccal  or  branchial  cavities.  Probably  it 
is  developed  with  age,  and  absent  in  young  individuals.  In 
all  the  localities  in  which  these  Extra-european  Lampreys 
are  found,  Ammocoetes  forms  occur,  so  that  there  is  little 
doubt  that  they  undergo  a  similar  metamorphosis  as  P. 
Iranchialis. 

Second  Family — MvxiNiDiE. 

Body  eel-shaped,  naked.  The  single  ruisal  aperture  is  above 
the  movthy  quite  at  the  extremity  of  the  head,  which  is  provided 
with  four  pairs  of  barbels.      Mouth  without  lips.      Na^ 

duct  without  cartilaginous  rings,  penetrating 
the  palate.  One  median  tooth  on  the  palate, 
and  two  comb-like  series  of  teeth  on  the  tongtie 
(see  Fig.  101).  Branchial  apertures  at  a 
great  distance  from  the  head;  the  inner 
branjchial  ducts  lead  into  the  oesophagtis.  A 
series  of  mucous  sacs  along  each  side  of  the 
abdomen.  Intestine  unthout  spiral  valve. 
Eggs  large,  with  a  horny  case  provided  with 
threads  for  adhesion. 

The  fishes  of  this  family  are  known  by 

Fig.  319.— Ovum  of  J  J 

Myxine  giutinosa,  ^"6  names  of  "  Hag-Fish,"  "  Glutinous  Hag," 

enlarged.  qj.  "Borer;"  they  are  marine  fishes  with  a 

similar  distribution  as  the  Gadidse,  being  most  plentiful  in 

the  higher  latitudes  of  the  temperate  zones  of  the  northern 

and  southern  hemispheres.     They  are  frequently  found  buried 
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in  the  abdominal  cavity  of  other  fishes,  especially  Gadoids, 
into  which  they  penetrate  to  feed  on  their  flesh.  They  secrete 
a  thick  glutinous  slime  in  incredible  quantities,  and  are 
therefore  considered  by  fishermen  a  great  nuisance,  seriously 
damaging  the  fisheries  and  interfering  with  the  fishing  in 
localities  where  they  abound.  Myxine  descends  to  a  depth 
of  345  fathoms,  and  is  generally  met  with  in  the  Norwegian 
Fjords  at  70  fathoms,  sometimes  in  great  abundance. 

Myxinr — One  external  branchial  aperture  only  on  each  side 
of  the  abdomen,  leading  by  six  ducts  to  six  branchial  sacs. 

Three  species  from  the  North  Atlantic,  Japan,  and  Magel- 

haen's  Straits. 


Fig.  320. — Myxine  anstralis.    A,  Lower  aspect  of  head  ;  a^  Nasal  aperture ; 

h.  Mouth ;  g.  Branchial  aperture  ;  v,  Vent. 

Bdellostoma. — Six  or  more  external  branchial  apertures  on 
each  side,  each  leading  by  a  separate  duct  to  a  branchial  sac. 

Two  species  from  the  South  Pacific. 


FOURTH  SUB-CLASS— LEPTOCAEDn. 

Skeleton  merribrano-cartilaffinotLS  and  notochordal,  ribless. 
No  train,  PvUaiing  sinuses  in  pUice  of  a  heart,  JBlood 
colourless.  JRespiratory  cavity  confluent  with  the  abdominal 
cavity ;  branchial  clefts  in  great  number,  the  water  being  ex- 
pelled by  an  opening  in  front  of  the  vent.    Jaws  none. 

This  sub-class  is  represented  by  a  single  family  {Cirro- 
stomi)  and  by  a  single  genus  {Branchiostoma)  ;*  it  is  the  lowest 
in  the  scale  of  fishes,  and  lacks  so  many  characteristics,  not 
only  of  this  class,  but  of  the  vertebrata  generally,  that  Hseckel, 
with  good  reason,  separates  it  into  a  separate  class,  that  of 
Acrania,  The  various  parts  of  its  oiganisation  have  been 
duly  noticed  in  the  first  part  of  this  work. 

The  "  Lancelet "  {BranMostoma  lanceolaium,  see  Fig.  28, 
p.  63),  seems  to  be  almost  cosmopolitan  within  the  temperate 
and  tropical  zones.  Its  small  size,  its  transparency,  and  the 
rapidity  with  which  it  is  able  to  buiy  itself  in  the  sand, 
are  the  causes  why  it  escapes  so  readily  observation,  even  at 
localities  where  it  is  known  to  be  common.  Shallow,  sandy 
parts  of  the  coasts  seem  to  be  the  places  on  which  it  may 
be  looked  for.  It  has  been  found  on  many  localities  of  the 
British,  and  generally  European  coasts,  in  North  America, 
the  West  Indies,  Brazil,  Peru,  Tasmania,  Australia,  and 
Borneo.  It  rarely  exceeds  a  length  of  three  inches.  A 
smaller  species,  in  which  the  dorsal  fringe  is  distinctly  higher 
and  rayed,  and  in  which  the  caudal  fringe  is  absent,  has  been 
described  under  the  name  of  Epigionichthys  pulchelltts;  it 
was  found  in  Moreton  Bay. 

^  This  name  is  two  years  older  than  Amphioxus, 
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DIEECTIONS  FOE  COLLECTING  AND 
PEESERVING  FISHES. 

Whenever  practicable  fishes  ought  to  be  preserved  in  spirits. 

To  insure  success  in  preserving  specimens  the  best  and 
strongest  spirits  should  be  procured,  which,  if  necessary,  can  be 
reduced  to  the  strength  required  during  the  journey  with  water 
or  weaker  spirit.  Travellers  frequently  have  great  difl&culties  in 
procuring  spirits  during  their  journey,  and  therefore  it  is  advis- 
able, especially  during  sea  voyages,  that  the  traveller  should  take 
a  sufficient  quantity  with  him.  Pure  spirits  of  wine  is  best. 
Methylated  spirits  may  be  recommended  on  accoimt  of  their 
cheapness ;  however,  specimens  do  not  keep  equally  well  in  this 
fluid,  and  very  valuable  objects,  or  such  as  are  destined  for 
minute  anatomical  examination,  should  always  be  kept  in  pure 
spirits  of  wine.  If  the  collector  has  exhausted  his  supply  of 
spirits  he  may  use  arrack,  cognac,  or  rum,  provided  that  the  fluids 
contain  a  sufficient  quantity  of  alcohol.  Generally  speaking, 
spirits  which,  without  being  previously  heated,  can  be  ignited  by 
a  match  or  taper,  may  be  used  for  the  purposes  of  conservation. 
The  best  method  to  test  the  strength  of  the  spirits  is  the  use  of 
a  hydrometer.  It  is  immersed  in  the  fluid  to  be  measured,  and 
the  deeper  it  sinks  the  stronger  is  the  spirit.  On  its  scale  the 
number  0  signifies  what  is  called  proof  spirit,  the  lowest 
degree  of  strength  which  can  be  used  for  the  conservation  of  fish 
for  any  length  of  time.  Spirits,  in  which  specimens  are  packed 
permanently,  should  be  from  40  to  60  above  proof.  If  the 
hydrometers  are  made  of  glass  they  are  easily  broken,  and  there- 
fore the  traveller  had  better  provide  himself  with  three  or  four 
of  them,  their  cost  being  very  trifling.     Further,  the  collector 
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will  find  a  small  distilling  apparatus  very  usefuL  By  its  means 
he  is  able  not  only  to  distil  weak  and  deteriorated  spirits  or  any 
other  fluid  containing  alcohol,  but  also,  in  case  of  necessity,  to 
prepare  a  small  quantity  of  drinkable  spirits. 

Of  collecting  vessels  we  mention  first  those  which  the  collector 
requires  for  daily  use.  Most  convenient  are  four-sided  boxes 
made  of  zinc,  18  in.  high,  12  in.  broad,  and  5  in.  wide.  They 
have  a  round  opening  at  the  top  of  4  in.  diameter,  which  can 
be  closed  by  a  strong  cover  of  zinc  of  5  in.  diameter,  the  cover 
being  screwed  into  a  raised  rim  round  the  opening.  In  order  to 
render  the  cover  air-tight,  an  indiambber  ring  is  fixed  below  its 
margin.  Each  of  these  zinc  boxes  fits  into  a  wooden  case,  the 
lid  of  which  is  provided  with  hinges  and  fastenings,  and  which 
on  each  side  has  a  handle  of  leather  or  rope,  so  that  the  box  can 
be  easily  shifted  from  one  place  to  another.  These  boxes  are  in 
fact  made  from  the  pattern  of  the  ammunition  cases  used  in  the 
British  army,  and  extremely  convenient,  because  a  pair  can  be 
easily  carried  strapped  over  the  shoulders  of  a  man  or  across  the 
back  of  a  mule.  The  collector  requires  at  least  two,  still  better  four 
or  six,  of  these  boxes.  All  those  specimens  which  are  received 
during  the  day  are  deposited  in  them,  in  order  to  allow  them  to 
be  thoroughly  penetrated  by  the  spirit,  which  must  be  renewed 
from  time  to  time.  They  remain  there  for  some  time  under  the 
supervision  of  the  collector,  and  are  left  in  these  boxes  untU 
they  are  hardened  and  fit  for  final  packing.  Of  course,  other 
more  simple  vessels  can  be  used  and  substituted  for  the  collecting 
boxes.  For  instance,  common  earthenware  vessels,  closed  by  a 
cork  or  an  indiambber  covering,  provided  they  have  a  wide 
mouth  at  the  top,  which  can  be  closed  so  that  the  spirit  does  not 
evaporate,  and  which  permits  of  the  specimens  being  inspected  at 
any  moment  without  trouble.  Vessels  in  which  the  objects  are 
permanently  packed  for  the  home  journey  are  zinc  boxes  of  various 
sizes,  closely  fitting  into  wooden  cases.  Too  large  a  size  should 
be  avoided,  because  the  objects  themselves  may  suffer  from  the 
superimposed  weight,  and  the  risk  of  injury  to  the  case  increases 
with  its  size.  It  should  hold  no  more  than  18  cubic  feet 
at  most,  and  what,  in  accordance  with  the  size  of  the  specimens, 
has  to  be  added  in  length  should  be  deducted  in  depth  or  breadtL 
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The  most  convenient  cases,  but  not  sufficient  for  all  specimens, 
are  boxes  2  feet  in  length,  1^  foot  broad,  and  1  foot  deep.  The 
traveller  may  provide  himself  with  such  cases  ready  made, 
packing  in  them  other  articles  which  he  wants  during  his 
journey ;  or  he  may  find  it  more  convenient  to  take  with  him 
only  the  zinc  plates  cut  to  the  several  sizes,  and  join  them  into 
boxes  when  they  are  actually  required.  The  requisite  wooden 
cases  can  be  procured  without  much  difficulty  almost  everywhere. 
No  collector  should  be  without  the  apparatus  and  materials  for 
soldering,  and  he  should  be  well  acquainted  with  their  use. 
Also  a  pair  of  scissors  to  cut  the  zinc  plates  are  useful. 

Wooden  casks  are  not  suitable  for  the  packing  of  specimens 
preserved  in  spirits,  at  least  not  in  tropical  climates.  They 
should  be  used  in  cases  of  necessity  only,  or  for  packing  of  the 
largest  examples,  or  for  objects  preserved  in  salt  or  brine. 

Very  small  and  delicate  specimens  should  never  be  packed 
together  with  larger  ones,  but  separately,  in  small  bottles. 

Mode  of  preserving. — All  fishes,  with  the  exception  of  very 
large  ones  (broad  kinds  exceeding  3-4  feet  in  length ;  eel-like 
kinds  more  than  6  feet  long),  should  be  preserved  in  spirits.  A 
deep  cut  should  be  made  in  the  abdomen  between  the  pectoral 
fins,  another  in  front  of  the  vent,  and  one  or  two  more,  according 
to  the  length  of  the  fish,  along  the  middle  line  of  the  abdomen. 
These  cuts  are  made  partly  to  remove  the  fluid  and  easily  decom- 
posing contents  of  the  intestinal  tract,  partly  to  allow  the  spirit 
quickly  to  penetrate  into  the  interior.  In  large  fleshy  fishes 
several  deep  incisions  should  be  made  with  the  scalpel  into  the 
thickest  parts  of  the  dorsal  and  caudal  muscles,  to  give  ready 
entrance  to  the  spirits.  The  specimens  are  then  placed  in  one  of 
the  provisional  boxes,  in  order  to  extract,  by  means  of  the  spirit, 
the  water  of  which  fishes  contain  a  large  quantity.  After  a  few 
days  (in  hot  climates  after  24  or  48  hours)  the  specimens  are 
transferred  into  a  second  box  with  stronger  spirits,  and  left 
therein  for  several  days.  A  similar  third  and,  in  hot  climates 
sometimes  a  fourth,  transfer  is  necessary.  This  depends  entirely 
on  the  condition  of  the  specimens.  If,  after  ten  or  fourteen 
days  of  such  treatment  the  specimens  are  firm  and  in  good  con- 
dition, they  may  be  left  in  the  spirits  last  used  until  they  are 
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finally  packed.  But  if  they  should  be  soft,  veiy  flexible,  and 
discharge  a  discoloured  bloody  mucus,  they  must  be  put  back  in 
spirits  at  least  20""  over  proofl  Specimens  showing  distinct  signs 
of  decomposition  should  be  thrown  away,  as  they  imperil  all  other 
specimens  in  the  same  vessel  Neither  should  bxlj  specimen  in 
which  decomposition  has  commenced  when  found,  be  received  for 
the  collecting  boxes,  unless  it  be  of  a  very  rare  species,  when  the 
attempt  may  be  made  to  preserve  it  separately  in  the  strongest 
spirits  available.  The  fresher  the  specimens  to  be  preserved  are, 
the  better  is  the  chance  of  keeping  them  in  a  perfect  condition. 
Specimens  which  have  lost  their  scales,  or  are  otherwise  much 
injured,  should  not  be  kept.  Herring-like  fishes,  and  others  with 
deciduous  scales,  are  better  wrapped  in  thin  paper  or  linen  before 
being  placed  in  spirits. 

The  spirits  used  during  this  all-important  process  of  preserva- 
tion loses,  of  course,  gradually  in  strength.  As  long  as  it  keeps 
lO""  under  proof  it  may  still  be  used  for  the  first  stage  of  preser- 
vation, but  weaker  spirits  should  be  re-distilled;  or,  if  the  collector 
cannot  do  this,  it  should  be  at  least  filtered  through  powdered 
charcoal  before  it  is  mixed  with  stronger  spirits.  Many  coUectors 
are  satisfied  with  removing  the  thick  sediment  collected  at  the 
bottom  of  the  vessel,  and  use  their  spirits  over  and  over  again 
without  removing  from  it  by  filtration  the  decomposing  matter 
with  which  it  has  been  impregnated,  and  which  entirely  neutralises 
the  preserving  property  of  the  spirits.  The  result  is  generally 
the  loss  of  the  collection  on  its  journey  home.  The  collector  can 
easily  detect  the  vitiated  character  of  his  spirits  by  its  bad  smell. 
He  must  frequently  examine  his  specimens ;  and  attention  to  the 
rules  given,  with  a  little  practice  and  perseverance,  after  the 
possible  failure  of  the  first  trial,  will  soon  insure  to  him  the  safety 
of  his  collected  treasures.  The  trouble  of  collecting  specimens 
in  spirits  is  infinitely  less  than  that  of  preserving  skins  or  dry 
specimens  of  any  kind. 

When  a  sufficient  number  of  well-preserved  examples  have 
been  brought  together,  they  should  be  sent  home  by  the  earliest 
opportunity.  Each  specimen  should  be  wrapped  separately  in  a 
piece  of  linen,  or  at  least  soft  paper ;  the  specimens  are  then 
packed  as  close  as  herrings  in  the  zinc  case,  so  that  no  free  space 
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is  left  either  at  the  top  or  on  the  sides.  When  the  case  is  full, 
the  lid  is  soldered  on,  with  a  round  hole  about  half  an  inch  in 
diameter  near  one  of  the  comers.  This  hole  is  left  in  order  to 
pour  the  spirit  through  it  into  the  case.  Care  is  taken  to  drive 
out  the  air  which  may  remain  between  the  specimens,  and  to 
surround  them  completely  with  spirits,  until  the  case  is  quite 
fulL  Finally,  the  hole  is  closed  by  a  small  square  lid  of  tin 
being  soldered  over  it.  In  order  to  see  whether  the  case  keeps 
in  the  spirit  perfectly,  it  is  turned  upside  down  and  left  over 
night.  When  all  is  found  to  be  securely  fastened,  the  zinc  case  is 
placed  into  the  wooden  box  and  ready  for  transport. 

Now  and  then  it  happens  in  tropical  climates  that  collectors 
arc  unable  to  keep  fishes  from  decomposition  even  in  the  strongest 
spirits  without  being  able  to  detect  the  cause.  In  such  cases  a 
remedy  will  be  found  in  mixing  a  small  quantity  of  arsenic  or 
sublimate  with  the  spirits  ;  but  the  collector  ought  to  inform  his 
correspondent,  or  the  recipient  of  the  collection,  of  this  admix- 
ture having  been  made. 

In  former  times  fishes  of  every  kind,  even  those  of  small  size, 
were  preserved  dry  as  flat  skins  or  stuffed.  Specimens  thus  pre- 
pared admit  of  a  very  superficial  examination  only,  and  therefore 
this  method  of  conservation  has  been  abandoned  in  all  larger 
museums,  and  should  be  employed  exceptionally  only,  for  in- 
stance on  long  voyages  overland,  during  which,  owing  to  the 
difficulty  of  transport,  neither  spirits  nor  vessels  can  be  carried. 
To  make  up  as  much  as  possible  for  the  imperfection  of  such 
specimens,  the  collector  ought  to  sketch  the  fish  before  it  is 
skinned,  and  to  colour  the  sketch  if  the  species  is  ornamented 
with  colours  likely  to  disappear  in  the  dry  example.  Collectors 
who  have  the  requisite  time  and  skill,  ought  to  accompany  their 
collections  with  drawings  coloured  from  the  living  fishes  ;  but  at 
the  same  time  it  must  be  remembered  that,  valuable  as  such 
drawings  are  if  accompanied  by  the  originals  from  which  they 
were  made,  they  can  never  replace  the  latter,  and  possess  a  sub- 
ordinate scientific  value  only. 

Very  large  fishes  can  be  preserved  as  sldns  only ;  and  col- 
lectors are  strongly  recommended  to  prepare  in  this  manner  the 
largest  examples  obtainable,  although  it  will  entail  some  trouble 
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and  expense.  So  very  few  large  examples  are  exhibited  in 
museums,  the  majority  of  the  species  being  known  ^m  the 
young  stage  only,  that  the  coUector  will  find  himself  amply 
recompensed  by  attending  to  these  desiderata. 

Scaly  fishes  are  skinned  thus :  with  a  strong  pair  of  scissors 
an  incision  is  made  along  the  median  line  of  the  abdomen  from 
the  foremost  part  of  the  throat,  passing  on  one  side  of  the  base 
of  the  ventral  and  anal  fins,  to  the  root  of  the  caudal  fin,  the 
cut  being  continued  upwards  to  the  back  of  the  tail  close  to  the 
base  of  the  caudaL  The  skin  of  one  side  of  the  fish  is  then 
severed  with  the  scalpel  from  the  underlying  muscles  to  the 
median  line  of  the  back ;  the  bones  which  support  the  dorsal 
and  caudal  are  cut  through,  so  that  these  fins  remain  attached 
to  the  skin.  The  removal  of  the  skin  of  the  opposite  side 
is  easy.  More  difficult  is  the  preparation  of  the  head  and 
scapulary  region;  the  two  halves  of  the  scapular  arch  which 
have  been  severed  from  each  other  by  the  first  incision  are 
pressed  towards  the  right  Mid  left,  and  the  spine  is  severed 
behind  the  head,  so  that  now  only  the  head  and  shoulder  bones 
remain  attached  to  the  skin.  These  parts  have  to  be  cleaned 
from  the  inside,  all  soft  parts,  the  branchial  and  hyoid  apparatus, 
and  all  smaller  bones,  being  cut  away  with  the  scissors  or  scraped 
off  with  the  scalpel.  In  many  fishes,  which  are  provided  with 
a  characteristic  dental  apparatus  in  the  pharynx  (Labroids,  Cypri- 
noids),  the  pharyngeal  bones  ought  to  be  preserved,  and  tied 
with  a  thread  to  the  specimen.  The  sldn  being  now  prepared 
so  far,  its  entire  inner  surface  as  well  as  the  inner  side  of  the 
head  are  rubbed  with  arsenical  soap;  cotton-wool,  or  some 
other  soft  material  is  inserted  into  any  cavities  or  hollows,  and 
finally  a  thin  layer  of  the  same  material  is  placed  between  the 
two  fiaps  of  the  skin.  The  specimen  is  then  dried  under  a 
slight  weight  to  keep  it  from  shrinking. 

The  scales  of  some  fishes,  as  for  instance  of  many  kinds  of 
herrings,  are  so  delicate  and  deciduous  that  the  mere  handling 
causes  them  to  rub  off  easily.  Such  fishes  may  be  covered  with 
thin  paper  (tissue-paper  is  the  best),  which  is  allowed  to  dry  on 
them  before  skinning.  There  is  no  need  for  removing  the  paper 
before  the  specimen  has  reached  its  destination. 
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Scaleless  Fishes,  as  Siluroids  and  Sturgeons,  are  skinned  in 
the  same  manner,  but  the  skin  can  be  rolled  up  over  the  head ; 
such  skins  can  also  be  preserved  in  spirits,  in  which '  case  the 
traveller  may  save  to  himself  the  trouble  of  cleaning  the  head 

Some  Sharks  are  known  to  attain  to  a  length  of  30  feet,  and 
some  Kays  to  a  width  of  20  feet.  The  preservation  of  such 
gigantic  specimens  is  much  to  be  recommended,  and  although 
the  difficulties  of  preserving  fishes  increase  with  their  size,  the 
operation  is  facilitated,  because  the  skins  of  all  Sharks  and  Rays 
can  easily  be  preserved  in  salt  and  strong  brine.  Sharks  are 
skinned  much  in  the  same  way  as  ordinary  fishes.  In  Rays  an 
incision  is  made  not  only  from  the  snout  to  the  end  of  the  fleshy 
part  of  the  tail,  but  also  a  second  across  the  widest  part  of  the 
body.  When  the  skin  is  removed  from  the  fish,  it  is  placed  into 
a  cask  with  strong  brine  mixed  with  alum,  the  head  occupying 
the  upper  part  of  the  cask ;  this  is  necessary,  because  this  part 
is  most  likely  to  show  signs  of  decomposition,  and  therefore 
most  requires  supervision.  When  the  preserving  fluid  has 
become  decidedly  weaker  from  the  extracted  blood  and  water, 
it  is  thrown  away  and  replaced  by  fresh  brine.  After  a  week's 
or  fortnight's  soaking  the  skin  is  taken  out  of  the  cask  to  allow 
the  fluid  to  drain  off;  its  inner  side  is  covered  with  a  thin  layer 
of  salt,  and  after  being  rolled  up  (the  head  being  inside)  it  is 
packed  in  a  cask,  the  bottom  of  which  is  covered  with  salt ;  all 
the  interstices  and  the  top  are  likewise  filled  with  salt.  The 
cask  must  be  perfectly  water-tight. 

Of  all  larger  examples  of  which  the  skin  is  prepared,  the 
measurements  should  be  taken  before  skinning  so  as  to  guide 
the  taxidermist  in  stuffing  and  mounting  the  specimens. 

Skeletons  of  large  osseous  fishes  are  as  valuable  as  their 
skins.  To  preserve  them  it  is  only  necessary  to  remove  the  soft 
parts  of  the  abdominal  cavity  and  the  larger  masses  of  muscle, 
the  bones  being  left  in  their  natural  continuity.  The  remaining 
flesh  is  allowed  to  dry  on  the  bones,  and  can  be  removed  by 
proper  maceration  at  home.  The  fins  ought  to  be  as  carefully 
attended  to  as  in  a  skin,  and  of  scaly  fishes  so  much  of  the 
external  skin  ought  to  be  preserved  as  is  necessary  for  the 
determination  of  the  species,  as  otherwise  it  is  generally  im- 
possible to  determine  more  than  the  genus. 
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A  few  remarks  may  be  added  as  regards  those  Fauns,  which 
promise  most  results  to  the  explorer,  with  some  hints  as  to 
desirable  information  on  the  life  and  economic  valne  of  fishes. 

It  is  surprising  to  find  how  small  the  number  is  of  the  fresh- 
water faun«  which  may  be  regarded  as  well  explored ;  the  liyers 
of  Central  Europe,  the  Lower  NQe,  the  lower  and  middle  course 
of  the  Ganges,  and  the  lower  part  of  the  Amazons  are  almost  the 
only  fresh  waters  in  which  collections  made  without  discrimina- 
tion would  not  reward  the  naturalist.  The  oceanic  areas  are 
much  better  known ;  yet  almost  eyerywhere  novel  forms  can  be 
discovered  and  new  observations  made.  Most  promising  and 
partly  quite  unknown  are  the  following  districts  :^-the  Arctic 
Ocean,  all  coasts  south  of  38^  lat.  S.,  the  Cape  of  Good  Hope, 
the  Persian  Gulf,  the  coasts  of  Australia  (with  the  exception  of 
Tasmania,  New  South  Wales,  and  New  Zealand),  many  of  the 
little-visited  groups  of  Pacific  islands,  the  coasts  of  north-eastern 
Asia  north  of  35"*  lat  N.,  and  the  western  coasts  of  North  and 
South  America. 

No  opportunity  should  be  lost  to  obtain  pelagic  forms,  eq)eci- 

ally  the  young  larva-like  stages  of  development  abounding  on  the 

surface  of  the  open  ocean.     They  can  be  obtained  without  difiS- 

culty  by  means  of  a  small  narrow  meshed  net  dragged  behind 

the  ship.     The  sac  of  the  net  is  about  3  feet  deep,  and  fastened 

to  a  strong  brass-ring  2  or  2|  feet  in  diameter.     The  net  is 

suspended  by  three  lines  passing  into  the  strong  main  line.     It 

can  only  be  used  when  the  vessel  moves  very  slowly,  its  speed 

not  exceeding  three  knots  an  hour,  or  when  a  current  passes  the 

ship  whilst  at  anchor.     To  keep  the  net  in  a  vertical  position 

the  ring  can  be  weighted  at  one  point  of  its  circumference ;  and 

by  using  heavier  weights  two  or  three  drag-nets  can  be  used 

simultaneously  at  different  depths.     This  kind  of  fishing  should 

be  tried  at  night  as  well  as  day,  as  many  fishes  come  to  the 

surface  only  after  sunset     The  net  must  not  be  left  long  in  the 

water,  from  5  to  20  minutes  only,  as  delicate  objects  would  be 

sure  to  be  destroyed  by  the  force  of  the  water  passing  through 

the  meshes. 

Objects  found  floating  on  the  surface,  as  wood,  baskets,  sea- 
weed, etc.,  deserve  the  attention  of  the  travellers,  as  th^  are 
generally  surrounded  by  small  fishes  or  other  marine  MiimAli^ 
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It  is  of.  the  greatest  importance  to  note  the  longitude  and 
latitude  at  which  the  objects  were  collected  in  the  open  ocean. 

Fishing  in  great  depths  by  means  of  the  dredge,  can  be 
practised  only  from  vessels  specially  fitted  out  for  the  purpose ; 
and  the  success  which  attended  the  ''Challenger/'  and  North 
American  Deep-sea  explorations,  has  developed  Deep-sea  fishing 
into  such  a  speciality  that  the  requisite  information  can  be 
gathered  better  by  consulting  the  reports  of  those  expeditions 
than  from  a  general  account,  such  as  could  be  given  in  the  present 
work. 

Fishes  offer  an  extraordinary  variety  with  regard  to  their 
habits,  growth,  etc.,  so  that  it  is  impossible  to  enumerate  in 
detail  the  points  of  interest  to  which  the  travellers  should  pay 
particular  attention.  However,  the  following  hints  may  be 
useful. 

Above  all,  detailed  accounts  are  desirable  of  all  fishes  forming 
important  articles  of  trade,  or  capable  of  becoming  more  generally 
useful  than  they  are  at  present.  Therefore,  deserving  of  special 
attention  are  the  Sturgeons,  Gadoids,  Thyrsites  and  Chilodactylus, 
Salmonoids,  Clupeoids.  Wherever  these  fishes  are  found  in 
sufficient  abundance,  new  sources  may  be  opened  to  trade. 

Exact  observations  should  be  made  on  the  fishes  the  flesh  of 
which  is  poisonous  either  constantly  or  at  certain  times  and 
certain  localities ;  the  cause  of  the  poisonous  qualities  as  well  as 
the  nature  of  the  poison  should  be  ascertained.  Likewise  the 
poison  of  fishes  provided  with  special  poison-organs  requires  to  be 
experimentally  examined,  especially  with  regard  to  its  effects  on 
other  fishes  and  animals  generally. 

All  observations  directed  to  sex,  mode  of  propagation,  and 
development,  will  have  special  interest:  thus  those  relating  to 
secondary  sexual  characters,  hermaphroditism,  numeric  proportion 
of  the  sexes,  time  of  spawning  and  migration,  mode  of  spawning, 
construction  of  nests,  care  of  progeny,  change  of  form  during 
growth,  etc. 

If  the  collector  is  unable  to  preserve  the  largest  individuals 
of  a  species  that  may  come  under  his  observation  he  should  note 
at  least  their  measurements.  There  are  but  few  species  of  fishes 
of  which  the  limit  of  growth  is  known. 

The  history  of  Parasitic  Fishes  is  almost  unknown,  and  any 
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observations  with  regard  to  their  relation  to  their  host  as  well 
as  to  their  early  life  will  prove  to  be  valuable ;  nothing  is  known 
of  the  propagation  of  fishes  even  so  common  as  Echeneis  and 
Fierasfer,  much  less  of  the  parasitic  Freshwater  Siluroids. 

The  temperature  of  the  blood  of  the  larger  freshwater  and 
marine  species  should  be  exactly  measured. 

Many  pelagic  and  deep-sea  fishes  are  provided  with  peculiar 
small  round  organs  of  a  mother-of-pearl  colour,  distributed  in 
series  along  the  side  of  the  body,  especially  along  the  abdomen. 
Some  zoologists  consider  these  organs  as  accessory  eyes,  others 
(and  it  appears  to  us  with  better  reason)  as  luminous  organs. 
They  deserve  an  accurate  microscopic  examination  made  on  fresh 
specimens ;  and  their  function  should  be  ascertained  from  obser- 
vation of  the  living  fishes,  especially  also  with  regard  to  the 
question,  whether  or  not  the  luminosity  (if  such  be  their  function) 
is  subject  to  the  will  of  the  fish. 
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Fig.  321. — Scopelus  boops,  a  pelagic  fisb,  with  luminoua  organs. 
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ABDO\nNAL  Cavity,  123 
Abdoiniual  tins,  42 
Abrainis,  602 
Abrostomus,  596 
Acautliaphritis,  466 
Acanthias,  331 
Acanthicus,  676 
Acanthobrama,  604 
Acanthoclinus,  498 
Acanthodes,  355 
Acanthudini,  355 
AoaiithulabiiiH,  528 
Acanthonus,  547 
Acaathophthalinus,  606 
Acantho[>sis,  606 
Acanthopterygian,  41 
Acanthopterygii,  374 
Acanthorltodeus,  601 
Acanthunis,  438,  439 
Acaiiu8,  421 
Acara,  536 
Acclimatisation,  185 
Acentronura,  683 
Acerina,  378 
Acestra,  679 
Achilognathus,  601 
Acipciiser,  361 
Acipenseridae,  360 
Acroolulus,  601 
Acrochordonichthys,  567 
Acrodus,  330 
Acrogaster,  421 
AcrognathuR,  631 
Acroiepis,  370 
Acronuridfle,  438 
Acronurus,  439 
Acroponia,  395 
Acyprinoid  division,  218 
A<lipose  eye-lid,  113 
Adipose  tin,  42 
Aegteonichthys,  476 
AellopoH,  325 
Aelurichthys,  569 
Aesopia,  558 
Aetobatis,  345 
African  region,  227 


Agassiz,  20,  31,  32 
Ageniosus,  572 
Agnus,  463 
Agouiates,  610 
Agonostoma,  504 
Agonus,  480 
Agramnius,  491 
Agriopus,  416 
Ailia,  566 
Aipichthys,  441 
Air-bladder,  142 
Akysis,  667 
Albacore,  468 
Albinism,  183 
Alborella,  604 
Albula,  660 
Albulichthys,  696 
Albumus,  603 
Alepocephalus,  664 
Alestes,  608 
Ale-wife,  659 
Alisphenoid,  56,  88 
AUice  Shad,  659 
Alojiecias,  322 
Ambassis,  393 
Amblyopsis,  618 
Arablyopus,  489 
Amblypharyngodon,  698 
Amblypterus,  370 
Amblyrhynchichthys,  696 
Aniia,  37*2 
Amioidei,  370 
Amiurus,  667 
Ammocoetes,  693 
Amraodytes,  550 
Ammopleurops,  559 
Ammotretis,  657 
Amphioxus,  696 
Ampbipnous,  668 
Araphiprion,  626 
Amphisile,  609 
Amphistium,  442 
Anabos,  616 
Anableps,  617 
Anacanthini,  637 
Anacauthus,  684 


Anacyrtus,  611 
Anal  fin,  40,  42 
Anaropses,  629 
Anapterus,  682 
AnarrhichaA,  492 
Anastomus,  608 
Anchovy,  656 
Ancistrodon,  319 
Ancylodon,  430 
Anema,  463 
Anenchelum,  433 
Angel-fish,  334 
Angler,  470 
Anguilla,  671 
Angular  bone,  54,  91 
Anomalops,  449 
Anoplogaster,  422 
Antarctic  ocean,  289 
Antennarius,  473 
Anthias,  380 
Anticitharus,  656 
Antigonia,  449 
Aphanopus,  434 
Aphareus,  390 
Aphoristia,  669 
Aphredodcrus,  396 
Aphritis,  466 
Aphyocharaz,  610 
Aphyocypris,  698 
Aphyonus,  648 
Apionichthys,  669 
Apistus,  416 
Aploactis,  417 
AiKKTyptes,  487 
AjKMiichthys,  496 
Apogon,  394 
Apophyses,  61 
Appendices  pyloricce,  131 
Aprion,  897 
ApsUus,  397 
Apua,  606 
Arapaima,  654 
Archseus,  442 
Archipterygiam  74 
Arctio  ocean,  261 
Arctic  lone,  241 
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Argentma,  650 
Ai^ges,  575 
Argyropeleciis,  628 
Argyriosiu,  4i3 
Aristotle,  1 
ArioA,  569 
Amoglossiis,  556 
Arrhamphns,  621 
Anipis,  393 
Artedi,  9 
Artedius,  480 
Arthroptems,  342 
Articniary  bone,  54,  90 
ArticnUted  rays,  40 
Asima,  405 
Aspidoparia,  602 
Aspidophoroides,  480 
Aspidorhynchids,  369 
Aspma,  603 
Aapredo,  580 
Aspro,  379 
Astracanthufl,  314 
Astrape,  340 
Astrolepis,  354 
AstTonesthes,  629 
Astrophysns,  572 
Astroplebua,  575 
AstroptychiuB,  314 
Ateleopns,  553 
Atherina,  500 
Atherinichthys,  501* 
Atlantic,  tropical,  278 
Atlantic,  northern,  262 
AtopochiltLs,  570 
Atopomyctenifl,  689 
Atypichthys,  402 
Anchenaspis,  354 
Aachenipterns,  572 
Aachenoglanis,  569 
Aolacocephalns,  383 
Aololepis,  631 
Anlichthys,  508 
Auliscopa,  507,  508 
Aalopns,  587 
Anlopyge,  596 
Aalorhynchns,  508 
Anlostoma,  507,  508 
Ausonia,  455 
Ansonins,  3 
Antochthont,  214 
Antostylic  skull,  71 
Auxia,  459 
Av«la,  604 

Badis,  418 
Baer,  32 
Bagarius,  570 
Bagricbthys,  567 
Bagroides,  567 


Bagropaia,  568 

Bagnis,  567 

Baiid,29 

Bakker,  32 

Balfour,  32,  33 

Balistes,684 

Ballan  Wrasse,  527 

Band-fisb,  490 

Barbel,  594 

Barbels,  37 

Barbicbthys,  596 

Barbns,  594 

Barilins,  602 

Barracuda,  437,  499 

Barramonda,  357 

Barynotos,  596 

Basibranchial,  58 

Basihyal,  58 

Basioccipital,  56,  87 

Basisphenoid,  56,  57,  89 

Basking  shark,  322 

Bass,  376 

Bastard  Dorey,  388 

Bathydraco,  465 

Bathygadns,  552 

Bathybigos,  650 

Bathynectes,  547 

Bathyophis,  629 
Bathypterois,  583 
Bathysanms,  582 
Bathythrissa,  666 
Bathytroctes,  664 
Batoidei,  335 
Batrachocephalna,  570 
Batrachus,  467 
Bayad,  567 
Bdellostoma,  695 
Becker,  408 
Bellows-fish,  509 
Belodontichthys,  566 
Belon,  3 
Belone,  620 
Belonesox,  617 
Belonostomns,  369 
Bembras,  480 
Benedenios,  370 
Benthophilus,  489 
Berycidae,  420 
Berycopsis,  421 
Beryx,  422 
Betta,518 
Bib,  541 
Bichir,  364 
Bitterling,  601 
Black  B^  393 
Black-fish,  452,  527 
Black  Head,  596 
Black  Horses,  589 
Black  Sea-bream,  406 


Blanchard,  28 
Bleak,  604 
Bleeker,  30 
Bleekeria,  550 
Blennuds,  492 
Blenniops,  496 
Blennios,  493 
Blennodesmns,  538 
Blennophis,  498 
Blenny,  492 
Blepaias,  480 
Blind  fish,  618 
Bloch,  13 

Blood-corpuscles,  150 
Blue-fish,  447 
Boar-fish,  388,  449 
Bocage,28 
Bocourt,31 
Bola,602 

Boleophthalmns,  487 
Boleosoma,  379 
Bolty,  585 
Bombay-duck,  584 
Bonapute,  28 
Bonelli,  7 
Bonito,  458 
Bony  Pike,  867 
Borer,  694 
Botia,605 
BoTichthys,  465 
Bow.fin,  372 
Box,  406 

Brachionichthya,  474 
Brachymystax,  646 
Brachjrpleura,  556 
Brackish  water  fishes,  250 
Brain,  97 
Brama,  454 
Branched  rays,  40 
BranchUe,  186 
Branchial  arches,  58 
Branchiostegals,  39,  58, 91 
Branchiostoma,  696 
Bream,  602 
Bregmaceroe,  545 
Brill,  555 

British  district,  263 
Brontes,  575 
Brook-trout,  646 
Brosmius,  546 
Brotula,  546 
Brotulophis,  549 
Briinnich,  13 
Brycon,  610 
Bryconsthiopa,  610 
Bryconops,  610 
Bryttus,  396 
Buccal  cavity,  123 
Bulbua  aortB,  152 
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Bull-head,  476 
Bull-trout,  644 
Bulti,  535 
Buffaloe,  589 
Bummaloh,  584 
Bungia,  596 
Bunocephalichthys,  580 
BuDocephalus,  580 
Bunocottus,  480 
Burbot,  644 
Bu^^ia  entiana,  128 
Burton  Skate,  341 
Butter-fish,  496,  533 
BjTini,  594 
Bythites,  549 

Cachius,  604 
Caenotropus,  607 
Cieaio,  390 
Calamoichthys,  364 
Calif ornian  district,  271 
Calamostoma,  680 
Callanthias,  381 
Callichrous,  566 
Callichthys,  575 
Callionyinus,  489 
Callipteryx,  462 
Callomystax,  573 
Callophysus,  569 
Callorhynchus,  350 
Callyodon,  532 
Camper,  16 
Campostoma,  596 
Cantharina,  405 
Cantharus,  405 
Cantor,  30 
Capelin,  647 
Capello,  28 

Cape  of  Good  Hope,  283 
Capitodus,  405 
Capoeta,  593 
Capros,  449 
Carangidae,  440 
Carangopsis,  442 
Caranx,  442 
Carapus,  667 
Carassius,  591 
Carboniferous  fishes,  196 
Carcharias,  316 
Carchariidae,  316 
Carcharodon,  320 
Carcharopsis,  319 
Canllike  teeth,  126 
Caribe,  613 
Carmoot,  563 
Carp,  589 
Carpals,  59 
Carpiodes,  589 
Cartilage-bones,  87 


Castelnau,  31 
Cataphracti,  480 
Cat-fishes,  568 
Catla,  592 
Catopra,  418 
Catoprion,  613 
Catostomus,  589 
CaturidsB,  371 
Caudal  fin,  40 
Cebidichthys,  498 
Central  American  district, 

279 
Centrarchus,  396 
Centridermichthys,  477 
Centrina,  331 
Centriscus,  509 
Centrolabms,  528 
Centrolepis,  370 
Centrolophus,  452 
Centromochlus,  572 
Centronotus,  496 
Centrophorus,  331 
Centropogon,  417 
Centropomus,  379 
Centropristis,  380 
Centroscyllium,  332 
Centrum,  51 
Cephalacanthus,  482 
Cephalaspis,  353 
Cephaloptera,  347 
Cephenoplosus,  368 
Cepola,  490 
Ceratias,  472 
Ceratichthys,  596 
Ceratobranchial,  58 
Ceratodus,  357 
Ceratohyal,  58 
Ceratoptera,  347 
Cerebellum,  97 
Cestracion,  330 
CestraciontidsB,  328 
Cetengraulis,  656 
Cetopsis,  572 
Chaca,  564 
Chad,  408 
Chsenichthys,  466 
Chsetobranchus,  537 
Chstodon,  398 
Chsetopterufl,  390 
Chsetostomus,  576 
Chalceus,  610 
Chalcinopsis,  610 
Chalcinus,  610 
Champsodon,  464 
Channa,  513 
Chanodichthys,  604 
Chanos,  662 
Characinidse,  606 
CharacodoD,  615 


Charr,  645 
Chasmodes,  494 
Chatoessus,  657 
Chauliodus,  628 
Chaunax,  474 
Cheilio,  530 
Chela,  604 
Chelmo,  399 
Chiasmodus,  546 
Chilian  district,  288 
Chilinus,  528 
Chilobranchus,  669 
Chilodactylus,  411 
Chilodipterus,  395 
Chilomycterus,  689 
Chilorhinus,  674 
Chiloscyllium,  326,  327 
Chimaera,  849 
ChimseridsB,  348 
Chimarrhichthys,  466 
Chiracanthus,  355 
Chirocentrites,  656 
Chirocentrodon,  660 
Chirocentrus,  663 
Chirodon,  609 
Chirodus,  870 
Chirolepis,  370 
Chironemus,  411 
Chirus,  491 
Chlorophthalmus,  587 
Choerops,  530 
Chologaster,  618 
Chomatodus,  329 
Chondropterygii,  313 
Chondrostei,  360 
Chondrosteus,  368 
Chondrostoma,  600 
Chorda  dorsalis,  63 
Chorinemus,  446 
Chorismodactylus,  417 
Chorisochismus,  512 
Chromatopbors,  183 
Chromides,  534 
Chromis,  535 
Clurysichthys,  667 
Chrysophrys,  409 
Chub,  596,  699,  600 
Cichla,  536 
Cichlops,  466 
Circulation,  oigans  of^  150 
Cirrhilabros,  530 
Cirrhina,  596 
Cirrhites,  411 
Cirrhitida,  410 
Cirrostomi,  696 
Citharichthys,  556 
Citharinus,  607 
Cithams,  556 
Cladacanthna,  814 
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Dorsal  fin,  40 
Dorsch,  540 
Dory,  450 
DoryichthyR,  681 
Doydixodon,  406 
Dragonet,  489 
Drepane,  40*2 
Drepanephorus,  331 
Dnim,  427 
Ductor,  442 

Ductus  choledochus,  133 
Ductus  cysticus,  133 
Dubamel,  13 
Dules,  384 
Dumeril,  33 
Dussumieria,  662 
Duveniey,  7 
Duyma*ria,  530 

Eagle-Rats,  344 
Ear.  116 
Erheneis,  460 
Echiuorhinus,  333 
Ec'hiostonia,  629 
Ectopterygoid,  90 
Eilaphodon,  349 
Eel,  671 
Eel-pout,  544 
E^ertonia,  526 
Elacate,  460 
Elasmodus,  349 
Elasmognathus,  349 
Electric  Eel,  667 
Electric  organs,  94 
Electric  Rays,  339 
Electric  Sheath-fish,  574 
Eleotris,  488 
Elonichthys,  370 
Elopichthys,  604 
Elops,  661 
Embiotocidfle,  533 
Encheliophls,  549 
Enchelycore,  677 
Enchodus,  433 
Endoskeleton,  85 
Engraulis,  656 
Enueoilon,  687 
Enoplosus,  380 
Entopterygoid,  55,  90 
Epalzeorhjiichus,  596 
Ephippus,  402 
Epibranchial,  59 
Epibulus,  528 
Epicoracoid,  59 
Epididymis,  167 
Epigiouichthys,  696 
Epihyal,  58 
Epinnula,  436 
Epioticum,  88 


Epiphysis,  98 
Epitympanic,  55 
E<inatorial  zone,  218,  272 
Eqaes,  431 
Equiila,  449 
Eremophilus.  581 
Erethistes,  580 
Ericymba,  596 
Erythrichthys,  891 
Erythrinus,  607 
Escholar,  437 
Esox,  624 
Etelis,  397 
Etheostomatidffi,  379 
Ethmoid,  57,  89 
Etroplus,  534 
Etnimeus,  662 
Euanemus,  572 
Euctenogobius,  487 
Euglyptosternum,  571 
Eugnathus,  368 
Eulachon,  647 
Eulepidotus,  368 
Euoxymetopon,  434 
Euprotomicrus,  334 
Europo- Asiatic  region,  243 
Eurynotns,  370 
Eurypholis,  666 
Eurysomus,  370 
Eustira,  604 
Eutropiichthys,  566 
Eutropius,  566 
Evorthodus,  487 
Exoccipital,  56,  87 
Exocoetns,  621 
Exoglossnni,  596 
Exostoma,  580 
Eye,  36,  111 

FABRicros,  13 
Fall-fish,  600 
Fierasfer,  549 
Fighting-fish,  519 
File-fishes,  684 
Fins,  40 

Fishing-Frog,  470 
Fistularia,  507,  508 
Fitzroyia,  615 
Flat-fishes,  553 
Flounder,  657 
Flute-mouth,  507 
Flying-fish,  621 
Flying  Gurnard,  482 
Forskal,  13 
Forster,  13 

Freshwater-fishes,  208 
Freshwater-Herring,  645 
Fries  and  Ekstrom,  27 
Frog-fish,  470 


Frontal  bone,  57,  89 
Frost-fish,  436 
Fuegian  subregion,  248 
Fundulus,  615 

Gadicitlus,  541 
Gadidse,  539 
Gadopsis,  537 
Gadus,  539 

Galapagoes  district,  280 
Galaxias,  624 
Galeichthys,  569 
Galeocerdo,  317 
Galeoides,  425 
Galeus,  318 
Gallo,  451 
Gambusia,  616 
Ganodus,  349 
Ganoidei,  350 
Ganoid  scales,  47 
Gar-pike,  367,  620 
Gaspereau,  659 
Gastrochisma,  455 
Gastrocnemus,  452 
Gastromyzon,  604 
Gastropelecus,  610 
Gastrosteus,  505 
Gastrotokeus,  682 
Gazza,  450 
Gegenbaur,  32 
Gkuipylus,  437 
Grenidens,  569 
Genyoroge,  384 
Genypterus,  549 
Geoffroy,  33 
Geophagus,  537 
Geotria,  693 
Gerres,  388 
Gillaroo,  645 
Gill-cover,  38 
Gill-opening,  38 
Gill-rakers,  59,  139 
Gills,  136 
Gilthead,  409 
Ginglymostoma,  826 
Girardinus,  618 
Girella,  406 
Glanidium,  572 
Glanis,  566 
Glaucosoma,  384 
Globe-fish,  687 
Glossohyal,  58 
GlotUs,  149 
Glut,  673 
Glutinous  hag,  694 
Glyph  idodon,  525 
Glyptauchen,  415 
Glyptolsemus,  865 
Glyptolepis,  365 
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GlyptopomnB,  865 

Olyptosternuin,  572 

Omelin,  13 

Gobiesocidfle,  510 

Gobiesoz,  513 

Gobio,  595 

Gobiodon,  487 

Gobiosoma,  487 

Gobius,  486 

Gobj,  486 

Goldfish,  591 

Gold-Sinny,  527 

Gomphodus,  319 

Gomphosua,  530 

Gonatodus,  370 

Goniognathus,  452 

Gonorhynchus,  652 

Gonostoma,  629 

Gonrami,  517 
Grammistes,  882 
Granular  teeth,  126 
Graph!  urns,  365 
Grayling,  649 
Greenland  Shark,  333 
Grey  MnUet,  501 
Grig,  673 
Gronow,  12 
Growler,  393 
Growth  of  Fishes,  170 
Grystes,  392 
Gndgeon,  596 
Gular  plates,  80 
Gtildenstedt,  13 
Gunellichthys,  498 
Gonnel-fish,  496 
Gunther,  27,  30 
Gurnard,  479 
Gwyniad,  649 
Gymnachirus,  558 
Gymnarchus,  626 
Gymnelis,  538 
Gymnocrotaphus,  406 
Gymnocypris,  596 
GymnomursBna,  677 
Gymnoscopelus,  585 
Gymnotus,  667 
Gyracanthns,  314 
Gyrodus,  367 
Gyropristis,  314 
Gyroptychios,  365 

Haddock,  540 
Hadot,  540 
Haemal  arches,  86 
Haemal  spine,  52 
Haem apophyses,  51 
Haemulon,  386 
Hag-fish,  694 
Hair-taU,  436 


Hake,  542 
HalaigyreiiB,  541 
Halec,  656 
Halecidae,  656 
Halfbeak,  621 
Halidesmns,  549 
Halientsa,  475 
EUdieatichthys,  475 
Haliophis,  550 
Haller,  16 
Haloporphyms,  543 
Halosaurids,  665 
Hamilton,  17 
Hammerhead,  318 
Hapalogenys,  386 
Haplochilns,  615 
Haplochiton,  651 
Haplodactylina,  406 
Hapokn,  392 
Harpagifer,  467 
Haipodon,  583 
Harttia,  580 
Hasse,  32 
Hasselqnist,  13 
Hansen,  361 
Head,  36 
Heart,  150 
Heckel,  28 
Hector,  32 
Heliastes,  525 
Helicophi^s,  566 
Heliodns,  359 
Helmichthys,  180 
Helogenes,  567 
Helotes,  385 
Hemerocoetes,  491 
Hemichromis,  535 
Hemicnlter,  604 
Hemigaleus,  319 
Hemigymnus,  530 
Hemilepidotus,  480 
Hemiodns,  607 
Hemipimelodus,  569 
Hemipristis,  317 
Hemirhamphns,  621 
Hemirhombus,  556 
Hemirhynchns,  437 
Hemisaurida,  582 
Hemisilurus,  566 
Hemisombim,  568 
Hemithyrsites,  434 
Hemitrichas,  656 
Hemitripteras,  417 
Heniochus,  399 
Heptanchns,  325 
Heptaptems,  581 
Hermaphroditism,  157 
Heros,  536 
Herring,  658 


Heieracanth,  41 
Heterobrandiiu,  563 
Heterocercy,  80 
Heteroconger,  674 
Heterognathodon,  389 
Heterolepidotids,  491 
Heteropygii,  618 
Heteroetichns,  498 
Heterotis,  655 
Hexanchus,  325 
Hexapsephus,  588 
Himantolophas  472 
Hippocampus,  683 
Hippoglossoides,  555 
Hippoglossus,  555 
Histiophoma,  431 
Histiopterus,  387 
Holacanthns,  400 
Holibut,  555 
Hollardia,  684 
Holocentrum,  423 
Holocephala,  348 
Holophagus,  365 
Holoptychidae,  365 
Holofiteus,  619 
Homacanth,  41 
Homaloptera,  604 
Hombron  et  Jacquinot,  27 
Homelyn  Ray,  341 
Homocanthus,  314 
Homocercy,  83 
Homoeolepis,  366 
Homonotus,  421 
Hopladelus,  568 
Hoplichthys,  478 
Hoplognathns,  410 
Hoplopleuridae,  665 
Hoplopteryx,  421 
Hoplopygus,  365 
Hoplostethus,  421 
Hoplunnis,  674 
Horse-mackarel,  442 
Hounds,  319 
Huchen,  645 
Humeral  arch,  59 
Hunds-fish,  619 
Hunter,  16 
Huro,  393 
Hutton,  32 
Huxley,  33 
Hybernation,  188 
Hybodontidae,  328 
Hybognathus,  596 
Hyborhjmchna,  596 
Hybridism,  178 
Hydrocyon,  611 
Hygpogonus,  536 
Hyodon,  653 
Hyoid  arch,  58 
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Hyomandibular,  55,  89 
Hyoprorus,  674 
Hyoptopoma,  578 
Hyostylic  sknll,  74 
Hypamia,  372 
Hyperoglyphe,  387 
Hyperopisus,  625 
Hypnos,  340 
Hypobranchial,  58 
Hypomessus,  647 
Hypophthalmichthys,  602 
Hypophthalmus,  566 
Hypophysis,  98 
Hypotympanic,  55 
Hypsinotus,  402 
Hypsodon,  500 
Hypural,  53,  84 
Hyrtl,  32 

Hysterocarpus,  534 
Hystricodon,  611 

IcKLUS,  477 
Ichthybonis,  612 
Ichtbyocanipus,  681 
Ichthyodoniiites,  194 
Icbthyomyzon,  693 
Id,  599 

Ikan  sumpit,  403 
Impregnation,  artificial, 

186 
Indian  region,  220 
Indo-Pacific  ocean,  278 
Infraorbital,  54 
Infundibulum,  98 
luterba^inals,  53 
Intermaxillary,  53 
Intemeurals,  53 
Interoperculum,  38, 55,  91 
Intestine,  127 
Ipnops,  585 
Iscbyodus,  349 
Iscbyrocepbalus,  666 
Isistius,  334 
Istbmus,  39,  58 
Isums,  457 

Japanese  district,  270 
Jeuyns,  27 
Jenynsia,  616 
John  Dory,  451 
Jugular  fins,  42 
Julis,  529 

Kabeuau,  540 
Kalm,  13 
Kamtscbatkan  dlBtrict, 

269 
Karauscbe,  591 
Karpfen,  589 


Katbetostoma,  463 

Kaup,  83 

Kelb  el  bahr,  611 

Kelb  el  moyeb,  611 

Kelp-fisb,  583 

Keris,  440 

Ketengns,  569 

Kidney,  155 

King  of  tbe  berrings,  522 

Klein,  12 

Klipvisch,  549 

Klunzinger,  30 

Kner,  27,  28 

Kneria,  606 

Kokopu,  625 

Kdlliker,  32 

Kovalevsky,  83 

Kroyer,  27 

Kurtus,  425 

Labberdan,  540 
Labeo,  593 
Labiabf,  64,  69 
Labrax,  376 
Labricbtbys,  530 
Labridse,  525 
Labroides,  530 
Labrus,  526 
Labyrintbici,  514 
Lacbnolaemus,  528 
Lacbs,  644 
Lac^p^de,  15 
Lactarius,  450 
Ladislavia,  596 
Lsemargns,  333 
Lsemonema,  543 
Lseops,  557 
Lais,  566 

LaminaB  branchiales,  136 
Lamna,  320 
Lamnidsp,  319 
Lampern,  692 
Lampris,  454 
Lamprey,  692 
Lancelet,  696 
Lanioperca,  397 
Larimas,  431 
Lateral  line,  48 
Lates,  377 
Latilus,  466 
Latns,  412 
Latrunculus,  486 
Launce,  550 
Leatber-carp,  591 
Lebiaaina,  607 
Lemon-sole,  558 
Lentipes,  487 
Lepadogaster,  518 
Lepidoblennius,  498 


Lepidocepbalichthys,  606 
Lepidocephalus,  606 
Lepidocottus,  476 
Lepidopsetta,  556 
Lepidopus,  435 
Lepidosiren,  355 
Lepidosteldfle,  367 
Lepidotrigla,  479 
Lepidotus,  368 
Lepidozygus,  525 
Leporinus,  608 
Lepracanthus,  314 
LeptacantbuB,  314 
Leptobarbus,  597 
Leptocarcbarias,  319 
Leptocardii,  696 
Leptocepbali,  179 
Leptoichtbys,  681 
Leptojulis,  529 
Leptolepidse,  371 
Leptopterygius,  513 
Leptoscopua,  463 
Leptosomos,  656 
Leptotracbelus,  666 
Lesson,  26 
Letbrinus,  407 
Leucaspius,  604 
Leuciscus,  598 
Leucosomus,  .600 
Liacantbus,  314 
Liacbirus,  558 
Liassic  fishes,  198 
Lichia,  446 
Ligamentum    longitudi- 

nale,  72 
Limnurgus,  615 
Ling,  544,  549 
Linnffius,  10 
Liocassis,  567 
Liopsetta,  556 
Lioscorpius,  415 
Liparis,  485 
Liposarcns,  576 
Liver,  132 
Loach,  604 
Lobotea,  387 
Loncburus,  431 
Lophiogobius,  487 
Lopbiosilurus,  569 
Lophiostomus,  368 
Lopbius,  470 
Lopbobranchii,  678 
Lophonectes,  556 
Loricaria,  578 
Lota,  544 
Lotella,  543 
Loxodon,  319 
Lncania,  615 
Lncifoga,  547 
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Luciocepbalidfie,  519 
Luciogobios,  489 
Lucioperca,  378 
Luciosoma,  598 
Luciotrutta,  646 
Lump-sucker,  484 
Ltitken,  32 
Lycodes,  537 

Mackerel,  456,  457 
Mackerel  Midge,  544 
Macrodon,  607 
Macrolepis,  421 
Macrones,  567 
Macropoma,  365 
Macropus,  517 
Macrosemius,  368 
Macrurid»,  557 
Macruronus,  552 
Macrurua,  552 
Msena,  390 
Mahaseer,  594 
Malacanthus,  467 
Malacocephalus,  552 
Malacopterus,  528 
Malacopterygian,  41 
Malacosteus,  629 
Malapterurus,  574 
Mallotus,  647 
Malpighi,  7 
Malpighian  corpuscle,  155 
Malthe,  475 
Mandible,  54 
Margrav,  7 
Marine  fishes,  254 
Mary  sole,  555 
Maskinonge,  624 
Mastacembelus,  498 
Mastoid,  57,  88 
Maurolicus,  628 
Maynea,  538 
Maxillary,  53,  90 
Meagre,  427 
Meckel's  cartilage,  54 
Meda,  601 
Mediterranean       district, 

264 
Medulla  oblongata,  98 
Megalichthys,  365 
Megalobrycon,  610 
Megalops,  661 
Meidinger,  13 
Melamphaes,  423 
Melanocetus,  473 
Melanonus,  541 
Membrane-bones,  75,  84 
Mendosoma,  412 
Mene,  455 
Menhaden,  659 


Merluccius,  542 
Mesencephalon,  97 
Mesoariom,  158 
Mesodon,  367 
Mesogaster,  500 
Mesolepis,  370 
Mesonauta,  536 
Mesoprion,  384 
Mesops,  537 
Mesopterygium,  70 
Mesotympanic,  55 
Mesturus,  367 
Metacarpals,  59 
Metamorphosis,  170 
Metapterygium,  70 
Metapterygoid,  55,  90 
Metencephalon,  97 
Micracanthus,  519 
Microconodus,  370 
Microdesmus,  538 
Microdon,  367 
Micropogon,  428 
Micropteryx,  443 
Micropus,  416 
Microstoma,  650 
MUler's-thumb,  476 
Minnow,  596,  599 
Minous,  417 
Misgumus,  604 
Mishcup,  408 
Mitchell,  17 
Mixogamous,  177 
MoUienesia,  617 
Molva,  544 
Monacanthus,  684 
Monk-fish,  334 
Monocentris,  421 
Monocirrhus,  418 
Monopterus,  669 
Moon-eye,  653 
Mora,  541 
Mordacia,  693 
Moringua,  675 
Mormyrops,  626 
Mormyms,  625 
Mossbanker,  659 
Motella,  544 
Mouth,  37,  123 
Moxostoma,  589 
Mud-fish,  372,  619 
Mugil,  501 
Muller,  H.,  33 
Mliller,  J.,  22,  32,  33 
Miiller,  O.  F.,  13 
Muller,  W.,  33 
Mullidae,  403 
Mulloides,  404 
MuUus,  404 
Munro,  16 


Mursna,  675 
MuTsenesoz,  674 
Mnraenichthys,  674 
Mnrsenolepis,  545 
MurrayCod,  392 
Muscles,  93 
Muskellunge,  624 
Mustelus,  318 
Mylesinus,  613 
Myletes,  613 
Myliobatis,  344 
Mylocyprinus,  588 
Myloleucus,  601 
Mylopharodon,  601 
Myology,  93 
Myriacanthus,  314 
Myriodon,  383 
Myriolepis,  370 
Myripristis,  423 
Myroconger,  677 
Myrophis,  674 
Myrus,  674 
Mystacoleucus,  598 
Myxine,  695 
Myxodes,  498 
Myxus,  504 

Naitous,  418 
Nannoethiops,  610 
Nannobrachium,  587 
Nannocampas,  681 
Nannocharax,  608 
Nannostomus,  607 
Narcine,  340 
Naseus,  438,  440 
Nauclerus,  446 
Naucrates,  444 
Nautichthys,  480 
Nealotus,  434 
Nearctic  region,  246 
Nebris,  431 
Nebrius,  326 
Neetroplus,  536 
Nefasch,  612 
Nemacanthus,  314 
Nemachilus,  605 
Nemadactylus,  412 
Nematogenys,  581 
Nematops,  557 
Nematoptychius,  370 
Nemichthys,  670 
Nemophis,  498 
Nemopt^ryx,  434,  539 
Neochanna,  624 
Neoclinns,  498 
Neoconger,  674 
Neophrynichthys,  469 
Neotropical  region,  233 
Nerfling,  599 
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Nerophis,  681 
Nerves,  103 
Nesiarchus,  434 
Nettastoma,  674 
Neural  arches,  85 
Neural  spine,  52 
Neurapophyses,  51 
Neurology,  96 
Neuroskeleton,  85 
New  Zealand  sub-region, 

248 
Nictitating       membrane, 

113 
Nilsson,  27 
Niphon,  397 
Nomeidae,  455 
Nomeus,  456 
Nonnat,  501 
Nordmanu,  28 
North  American  district, 

266 
North    American   r^on, 

246 
North  Atlantic,  262 
Northern  temperate  zone, 

262 
Northern  zone,  240 
North  Pacific^  268 
Nostrils,  37,  109 
Notacanthus,  523 
Notidanus,  325 
Notochord,  63 
Notoglauis,  569 
Notograptus,  498 
Notopterus,  665 
Notothenia,  466 
Noturus,  568 
Novacula,  529 
Nummopalatus,  526 
Nuria,  598 
Nutrition,  organs  of,  121 

Oar-fish,  522 
Oblata,  406 
Occipital,  56 
Ochetobius,  602 
Odax,  532 
Odontaspis,  321 
Odonteus,  525 
Odontostomus,  587 
OU-sardine,  660 
Old  Red  Sandstone,  194 
Old  wife,  406 
Olfactory  lobes,  97 
Olfactory  organ,  109 
Oligorus,  392 
Oligosarcus,  611 
Olistherops,  533 
Ombre,  429 


Ombre  chevalier,  645 
Omentum,  132 
Onchus,  314 
Oncorhynchus,  646 
Oneirodes,  473 
Oolithic  fishes,  199 
Opercular  gill,  138 
Operculum,  38,  54,  91 
Ophichthys,  674 
Ophidiidffi,  546 
Ophidium,  549 
Ophiocephalidae,  513 
Ophiodon,  491 
Ophiopsis,  368 
Opisthognathus,  466 
Opisthopteryx,  656 
Opisthoticum,  88 
Opsariichthys,  602 
Optic  lobes,  97 
Oracanthus,  314 
Orbito  sphenoid,  57,  88 
Oreinus,  595 
Oreonectes,  606 
Orestias,  615 
Orfe,  599 
Orthacanthus,  334 
Orthagoriscus,  690 
Orthodon,  601 
Orthostomus,  489 
Osbeck,  13 
Osmeroides,  582,  631 
Osmerus,  646 
Os  operculare,  91 
Osphromenus,  517 
Osteobrama,  604 
Osteochilus,  596 
Osteogeniosus,  569 
Osteoglossum,  654 
Osteolepis,  365 
Ostracion,  686 
Os  transversum,  56 
Otolith,  116 
Otolithus,  430 
Oulachon,  647 
Ovaries,  158,  166 
Ovum,  158,  159,  167 
Owen,  33 
Oxuderces,  489 
Oxyconger,  674 
Oxydoras,  572 
Oxygnathus,  370 
Oxymetopon,  489 
Oxyrhina,  320 
Oxytes,  319 

Pachtoormus,  868 
PachymetopoD,  406 
Pachyurus,  430 
Pagellus,  408 


Pagnis,  408 
Paired  fins,  42 
Palaearctic  region,  243 
Palaeichthyes,  312 
Palseogadus,  539 
Palsoniscidcc,  369 
Palaeorhynchus,  437 
Palreoscyllium,  326 
Palieospinax,  330 
Palatine,  56,  90 
Palatine  arch,  55 
Palimphyes,  457 
Pallas,  13 
Pammelas,  447 
Pancreas,  133 
Pangasius,  566 
Pantodon,  653 
Papilla  urogenitalis,  156 
Paracanthobrama,  598 
Paradiplomystax,  569 
Paradise-fish,  517 
Paragoniates,  610 
Paralepis,  585 
Paralicbtliys,  556 
Paramisgumus,  606 
Paramyrus,  674 
Paraperca,  375 
ParaphoxinuH,  601 
Parapophyses,  51 
Parascopelus,  582 
Parascyllium,  326 
Parasphenoid^  56,  89 
Pardachirus,  558 
Paretroplus,  535 
Parietals,  57,  89 
Pariodon,  581 
Parker,  32 
Parma,  525 
Pamell,  27 
Paroccipital,  56,  88 
Parodon,  607 
Parophrys,  557 
Paropsis,  450 
Parra,  13 
Parr-marks,  631 
Parrot-wrasses,  530 
Pataecus,  497 
Patagonian  district,  289 
Peal,  644 
Pectoral  arch,  92 
Pectoral  fins,  42 
Pediculati,  469 
Pegasus,  482 
Pelagic  fishes,  292 
Pelamys,  459 
Pelargorhynchus,  666 
Pelecus,  604 
Pelerin,  322 
Pellona,  660 
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Pellonnla,  660 
Pelor,  417 
Pelotrophus,  604 
Peltorhamphus,  557 
Pempberis,  425 
Pennant,  13 
Pentaceros,  397 
Pentanemus,  425 
Pentapus,  390 
Pentaroge,  417 
Perca,  375 
Percalabrax,  378 
Perch,  375 
Percichthys,  376 
Percidae,  375 
PereUia,  397 
Pereis,  464 
Percophis,  466 
Percopsis,  651 
Periophthalmus,  487 
Peristethus,  481 
Permian  fishes,  197 
Peruvian  district,  280 
Peace  Rey,  501 
Petalopteryx,  480 
Petenia,  536 
Peters,  31 
Petrodus,  329 
Petromyzon,  692 
Petrosal,  56 
Petroscirtes,  494 
Phaneroplenridae,  360 
Pharyngeal  bones,  58 
Pharyngognathi,  523 
Pholidichthys,  498 
Pholidophorus,  368 
Photichthys,  629 
Phractocephalus,  568 
Phrynorhombus,  555 
Phycis,  543 
Phyllodus,  526 
Phyilopteryx,  682 
Physical  us,  543 
Physostomi,  559 
Piabuca,  610 
Piabucina,  610 
Pickerell,  624 
Pike,  624 
Pike-perch,  378 
PUchai-d,  660 
Pileoma,  379 
Pilot-fish,  444 
Pimelept*)rus,  410 
Pimelodus,  568 
Pimephales,  596 
Pinguipes,  466 
Pipe-fishes,  680 
Piramutana,  568 
Piratinga,  568 


k. 


PirinampnB,  569 
Pi80,7 

Pituitary  gland,  98 
Placodermi,  351 
Placoid  scales,  48 
Plagiostomata,  313 
Plagiotremus,  498 
Plagusia,  559 
Pli^odus,  586 
Plaice,  557 
Pla-kat,  519 
Platax,  448 
Platinx,  656 
Platycephalus,  477 
Platycomus,  421 
Platyglossus,  529 
Platynematichth3rs,  566 
Platypoecilus,  618 
Platyptera,  489 
Platyrhina,  342 
Platysomids,  370 
Platystethus,  450 
Platystoma,  568 
Platystomatichthys,  568 
Platytroctes,  664 
PUyfair,  29 
Plecoglossus,  646 
Plecostomus,  576 
Plectropoma,  382 
Plesiops,  418 
Pleurapophyses,  52 
PleurolepidsB,  366 
Pleuronectes,  557 
Pleuronectidie,  553 
Pleuropholis,  368 
Plinthophorus,  666 
Plionemus,  442 
Plotosus,  563 
Podabrus,  480 
Podocys,  421 
PoecUia,  617 
Poeciloconger,  674 
Poecilopsetta,  557 
Poey,  F^  31 
Pogonias,  427 
Poisonous  fishes,  189 
Poisson  bleu,  650 
Polkck,  541 
Pollan,  649 
Polyacanthus,  516 
Polycaulus,  480 
Polycentrus,  418 
Polyipnus,  628 
Polymixia,  423 
Poljmemus,  425 
PolyodontidsB,  362 
Polyprion,  382 
Polypteroidei,  363 
Polypterus,  364 


I  PolyrhizodnB,  330 
Pomacanthus,  401 
Pomacentms,  525 
Pomatomus,  395 
Pomotis,  396 
Pompilns,  444 
Pope,  378 
Porbeagle,  320 
Porgy,  408 
Porichthys,  468 
Portheus,  500 
Porthmeus,  446 
Port  Jackson  Shark,  330 
Poms  abdominalis,  123 
Poms  genitalis,  123,  158 
Post-clavicula,  59,  92 
Post-frontal  bone,  57,  89 
Post-pliocene  fishes,  201 
Post-temporal,  59,  92 
Pout,  541 
Powen,  649 

Preoperculum,  38,  54,  90 
Preorbital,  54 
Prefrontal,  57,  89 
Premaxillary,  53,  90 
Prenmas,  525 
Prefiadillas,  575 
Pretympanic,  55 
Priacanthus,  395 
Pride,  693 
Prionotus,  479 
Prionurus,  440 
Pristacanthus,  314 
Pristidae,  336 
Pristigaster,  660 
Pristiophorus,  335 
Pristipoma,  385 
Pristis,  337 
Pristiurus,  326 
Prochilodus,  607 
Prooticum,  88 
Proptems,  368 
Propterygium,  70 
Plt>8encephalon,  97 
Prosopodasys,  417 
Protamia,  372 
Protocampus,  681 
Protoptems,  356 
Protosphyraena,  500 
Prototroctes,  652 
Prussian  carp,  591 
Psaliodus,  349 
Psammobatis,  342 
Psammodiscus,  557 
Psammodus,  329 
Psammoperca,  378 
Psenes,  456 
Psephurus,  363 
Psettichthys,  556 


A 


nn 


Pnttodei,  SS4 
Psettns,  447 
PwudeclieupiB,  680 
PwurieiitropiiiB,  Efla 
PseuclobagrUB,  687 
PseudobeTTi,  421 
Pseadohlennina,  498 
PscndobmichiHi,  140 
PBeaiioehslceua,  SID 
PneudachiliuuB,  fiSO 
Pseudoehroniiii,  464 
Fneiidodu,  GSO 
Pseud  oeltginnti,  402 
Pseud  ogobio,  5Bfl 
PaeudojuiiB,  629 
PgeudoUbDCB,  604 
PseuddperilampoR,  601 
Pseudophypis,  612 
PeoiKlopliniopB,  463 
Paeudorsabon,  6S6 
PaBiidorhombiui.  666 
PseadoncaruB,  632 
PiieudiMyDgitiitbDa,  flSO 
PsHndoYonier,  442 
Pieudaxipbophonis,  617 
Peilorhyuchua,  604 
Psyclirolntw,  469 
PMraelia,  465 
PteraRogus,  530 
Pteraapifl,  364 
PteriehtliyB,  aSI 
PteroplBUa,  344 
Pteridiam,  5*9 
Plerois,  415 
Ploropiiylluni,  E37 
Pteropsarion,  B02 
Pterygncepbalui,  492 
PlBrygoid,  66 
Pterygopliclithys,  578 
Plychacanthiu,  314 
PtychaburbiiB,  59S 
Ptychodiw,  830 
Plycliolepis,  368 
PlyonDtux,  4  SO 
PymodODtidfl!,  386 
Pjgopteras,  370 
Pyloric  HppendagHs  ISI 
PjirhalinB,  607 
QoAniiJtTl!  BOKE,  65,  89 
Quoy  et  Gaimtrd,  26 
Radcuk,  69 
Rojit,  340 
Rauicepe,  644 
Basbora,  597 
Rasboriclitbyi,  304 
Ratbke,  32 
Ray.  8 
Rayiotfim,  40 


Rays,  335.  341 
R«d  bodies  147 
Red -dace,  59S 
R«d-eye,  699 
Red-fin,  699 
Bed-horse,  6S9 
B«d  midkt.  401 
Itvgalecus.  £22 
Beprodaction  of  lost  porta, 

IS8 
Reproduction,  organB  ol 

167 
Ruspimtion,  orgnns  of,  135 
Bete  niimbile,  Ul 
Retroplnna,  S47 
RetiiiM,  32 
Bhabdolepla,  370 
BlmcolBpig.431 
RlisdiiiiohthyH,  370 
Rhuuphicbthya,  668 
Rhamphocottus,  480 
Rbaiuplioius,  607 
Rbina.  334 
-RMnelepis,  676 
RbinellBs,  656 
Rbiaichthys,  596 
UbinabatuB,  336 
EliLuodon,  3S3 
Rbinodona,  672 
—  ■      ■      f.  573 


Jtbidi 


B,  548 


Rhinopla™.  346 
Rhizodiu,  366 
Rbodens,  601 
Rhomboldlclitbyg.  556 
Bhomboaolfa,  657 
Rhombna,  665 
RhyucbtchtfayH,  424 
RLyncbobatna,  337 
Rliyncliobdeila.  4S8 
Rbyncbodus,  349 
Rhypttcus,  383 
Rhytiodufl,  608 
Rib,  62 

Ribbon-Sahes.  520 
Richaideon,  27,  28 
Riaao,  17 
Rita,  587 
Bivalns,  616 
Roach,  699,  600 
Rock -cook,  528 
Rockling.  644 
Robteichthya,  597 
Rondelet,  5 
Rosentbal,  32 
Rough  Dab,  £55 
Rudd,  699 
Riippetl,  29 
Kaaael,16 


Saccarihb,  474 

Saccobranchua.  566 
Saccodou,  607 
Saccopbaryni,  670 
Sslbling,  645 
SaU-fiah,  589 
Sail-fluke,  566 
Salant,  650 
Salariaa,  494 
Salivary  glaadi,  124 
Salmiaua.  311 
S:UiDO,  631 
Salmon,  644 
Salmon -trout,  644 
Salvelini,  645 
Salriani,  5 
Samaria,  563 
Sand-eel,  650 
Sand-piper,  693 
Sandy  Ray,  341 
Sar,  406 
Sara«rn,  406 
Sarcodaees,  611 
Sardine,  660 
Sargiua,  406 
Sai^  406 
Saltan,  405 
Sargus,  406 
Satanoperca,  537 
Sanreiichelys,  674 
Saurichthyi,  335 
Saurida,  582 
Saorids,  368 
Saurocephalas,  500 
Sanrodipteride,  365 
SaurodoDtide,  500 
SaurorhamphuB,  366 
Saume,  683 
Saury.  620 
Saw-fiabes,  337 


ir.l-B 
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Scales,  45 
Scaphaapis,  354 
Scapbirhynebna,  332 
Scapula,  69,  92 
Scapular  arch,  69 
Scarichtbys,  531 
Scarna,  526,  630 
Scnllmriif,  40ii 
Scatopbagua,  401 
Schacra,  602 
Schal,  673 
Schedophilai,  465 
Schell-Bacb,  640 
Schelly,  649 
Schilbe.  563 
Scbilbichthya,  566 
Schinp^opdi,  695 


Schliothorw,  095 

Sharks,  314 

Schlwl,  29 

Shark's  fins,  316 

Schneider,  15 

Sheep's  head,  406 

Schnltn,  33 

Shiner,  59fl,  603 

Scixlai,  G68 

Scuens,  429 

SicyniHa,  613 

Sciieiiid^,  12a 

Sicydiam,  487 

SciMor.  610 

Siebold,  28 

Sclerodermi,  684 

Sillago,  464 

Silondia,  665 

Smlapsui,  389 

acomber,  157 

SiluTiai.  Hshea.ig3 

Bcombretiox,  620 

Siluricbthys,  663 

Scoinbridc,  456 

SauridE,  659 

Scombroclupea,  656 

Siluras.  5flS 

Scombrops,  396 

Siniperea,  376 

acopelidiF,  582 

Bcopetu9,  584 

Siphonal  stamach,  I3( 

Scorpieaida,  412 

Sirembo.  549 

acorpis,  402 

SirenidK,  356 

Scup,  408 

Sisor,  580 

8cyllia.lu!<,  323 

Skate,  341 

Scyllinm,  326 

Skeleton  of— 

Scymnus,  332 

Amia,  82 

Sea-bat,  448 

Amphionu,  S3 

Seabrtuim,  405,  408 

ChondropUrynnanm 

Sea-cat,  493 

Bei-devil,  344,  470 

Cyclostomea,  64 

S«a-hedgehog,  687 

DipDOl,  71 

Sea-1io™*8,  682 

Ganoids  71 

Se.-pOTch,  381 

Sn-serpente,  521 

Polyptenis,  77 

Sea-troiit,  644 

Telec»,iei,  83 

Sea-wolf,  493 

Skin,  46 

Seba,g 

Skip-jai^k,  447 

Sebaates,  413 

Skipper.  620 

Secoiidsry    sexual    char 

Skull,  51,  85 

aclen,  176 

Skulpin.  489 

SeLngo,  378 

amaris,  390 

Selache,  322 

Smear-dab,  557 

Selachoidei.  314 

Smelt,  647 

Seiiiicos»yi>hii9,  S30 

Smerdis.  375 

Senuonotus,  3<j3 

8n.illoga.ter,  604 

Snapper,  408 

Snook,  437 

Seriola,  444 

Snout,  37 

Seriolella,  444.  450 

Solander.  IS 

8e^iolichthy^  444 

Sole,  567 

Se^^anll^  381 

Solea,  667 

Serrasfllrao,  613 

Setifnrio  teeth,  128 

Se»>n,  644 

SeiDsl  ihiractois,  176 

SoleoUlpa.  6S9 

Shad,  65S 

Sonnemt,  13 

BhagreeD,  316 

Soricidena,  405 

Shagreen  SkaU^  S41 

Sorubim,  668 

INDEX. 
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sting  Rays,  342 
Stock-fish,  540,  542 
Stomach,  127 
Stomias,  629 
Stone-bass,  382 
Stone-lugger,  596 
Stone-roller,  589 
Stone  Toter,  596 
Storer,  29 
Strepsodus,  365 
Strinsia,  541 
Stromateus,  452 
Strophodus,  330 
Sturgeons,  361 
Stygogenes,  575 
Stylodontidae,  368 
Stylohyal,  58 
Stylophorus,  522 
SuboiH*rculum,  38,  55,  91 
Suborbital,  91 
Sucker,  588 
Sucking-fish,  460 
Sudis,  586 

Sun- fishes,  396,  454,  690 
Supraclavicuhi,  59,  92 
Supraoccipital,  56,  87 
Supraorbital,  89 
Suprascapula,  59 
Supratemporal,  91 
Surgeon,  439 
Suspensorium    of    man- 
dible, 55 
Swaminerdam,  7 
Swoni-fish,  431 
Synibranchus,  669 
Sympatliic  nerves,  108 
Symphorus,  390 
Symphysis,  54 
Symphysodon,  537 
Symplectic,  55,  89 
Syrapterygia,  342 
Synagris,  390 
Sjrnanceia,  416 
Synaphobranchus,  671 
Synaptura,  558 
Syngnathus,  680 
Synodontis,  573 

Taentanotus,  417 
Taeniura,  343 
Taractes,  454 
Tasmanian  subregion,  248 
Taste,  organ  of,  119 
Tauriuichthys,  526 
Tautoga,  527 
Teeth,  121,  124 
Teleostei,  373 
Telescope-fish,  592 
TeUia,615 


Temera,  340 
Temnodon,  446 
Tenacity  of  life,  136 
Tench,  600 
Tephraeops,  406 
Tephritis,  555 
Tertiary  fishes,  200 
Testicles,  162,  167 
Tetragonolepis,  368 
Tetragonopterus,  609 
Tetragonurus,  501 
Tetranematichthys,  572 
Tetraroge,  417 
Tetrodon,  688 
Tenthididae,  418 
Teuthis,  419 
Thalassophryne,  468 
Thalassorhinus,  319 
Thaleichthys,  647 
Thaumas,  334 
Thectodus,  830 
Therapon,  385 
Tholichthys,  172 
Thoracic  fins,  42 
Thom-back,  341 
Thrissonotus,  370 
Thrissopater,  656 
ThrissojMs,  371 
Thunberg,  13 
Thymallus,  649 
Thynnichthys,  595 
Thynnus,  457 
Thyrsites,  436 
Thysanopsetta,  556 
Tiger-shark,  827 
Tilurus,  180 
Tinea,  599 
Tongue,  124 
Tope,  318 
Top-knot,  555 
Torgoch,  6^5 
Torpedinidae,  338 
Torpedo,  339 
Torsk,  546 
Touch,  organ  of,  120 
Toxabramis,  604 
Toxotes,  403 
Trachelochismus,  513 
Trachelyopterus,  572 
Trachichthys,  422 
Trachinidse,  462 
Trachinops,  418 
Trachinopsis,  462 
Trachinns,  463 
Trachurus,  442 
Trachynotus,  447 
Trachypterus,  522 
Transverse  line,  50 
Triacanthodes,  68i 


Triacanthas,  684 
Triads,  319 
Triflenodon,  319 
Triaenophorichthys,  487 
Triassic  fishes,  197 
Trichiurichthys,  434 
Trichiuridae,  433 
Trichiurus,  436 
Trichocyclus,  689 
Trichodiodon,  689 
Trichodon,  466 
Trichogaster,  518 
Trichomycterus,  581 
Trichonotus,  490 
Trichopleura,  417 
Trifurcated  Hake,  545 
Trigla,  478 
Triglops,  480 
Trigorhina,  338 
Triodon,  687 
Tripterodon,  406 
Tripterygium,  495 
Tristichopterus,  365 
Tristychius,  314 
Trochocopus,  530 
Tropical  American  r^on, 

233 
Trout,  644 
Trubu,  660 
Trumpeter,  412 
Trumpet-fish,  509 
Trunk,  39 
Trygon,  343 
Trygonidae,  342 
Trygonorhina,  338 
Trypauchen,  489 
Tunny,  458 
Turbinal,  57,  91 
Turbot,  555 
Twaite  Shad,  659 
Tyellina,  326 
Tylognathus,  596 
Typhlichthys,  618 
Typhlonus,  548 

Uaru,  536 
Ulna,  59 
Umbra,  429,  619 
Umbrina,  428 
Umbrine,  429 
Undina,  365 
Upeneichthys,  404 
Upeneoides,  404 
Upeneus,  404 
Upokororo,  652 
Uraleptus,  543 
Uranoscopos,  462 
Urinary  organs,  155 
Urocampua,  681 
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Urocentms,  498 
UrocongeTy  674 
Urogymnus,  343 
Urohyal,  68,  91 
UrolophuB,  343 
Uronectes,  538 
Uronemus,  360 
Urosplien,  507 
Urostbenes,  370 
Useful  fishes,  189 

Vaillakt,  81 
Valencieiiiies,  18 
VandeUia,  581 
Velifer,  397 
Vendace,  649 
Ventral  fins,  42 
Vertebral  column,  51 
Vertical  fins,  40 
ViUiform  teeth,  126 
Viviparous  Bleuny,  497 
Vogt,  82 


Vomer  (boneX  56,  89 
Vomer  (gen.),  441 
Vulsus,  489 

Wallaoo,  566 
Wardichthys,  370 
Weever,  464 
Wels,  566 
Whiff,  655 
White-bait,  658 
White-fish,  599,  648 
Whiting,  541 
Whiting-pout,  541 
WUlughby,  8 
Wrasses,  525 

Xenockphalus,  553 
Xenocharax,  612 
Xenocypris,  598 
Xenodermichthys,  664 
Xenomystus,  576 
Xenopterus,  688 


Xiphias,  481 
Xiphidion,  496 
Xiphiidffi,  431 
Xiphochilus,  530 
Xiphopterus,  434 
Xiphorhampus,  611 
Xiphostoma,  611 

Yarrell,  27 
Yellow- tail,  444 

Zanchus,  449 
Zaniolepis,  491 
Ziirthe,  603 
Zebra-Shark,  327 
Zeus,  451 
Zoarces,  497 
Zope,  603 
Zuzuki,  378 
Zygaena,  318 
Zygapophyses,  52 
Zygobatis,  346 


THE  END. 
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